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ABSTRACT 
Prior to the Gemini JX mission all s imulations of extravehicular acti-
vity were of a partial nature ~ mainly utilizing the zero gravity air-
craft. This simulation technique did not provide adequate assessment 
of the biomedical factors of the performance of Gemini JX -:xII. This 
problem was brought into sharp focus by the early cessation of 
Astronaut Cernan's extravehicular task on Gemini ]X. 
Concurrently, a NASA-LRC supported program of water immersion 
simulation was underway at Environmental Research Associates to 
investigate future ingress-egress requirements. This program was 
extended by NASA-MSC to include the postflight evaluation of the 
Gemini JX task and further to investigate the E VA of Gemini X and 
:xI. The program culminated with Astronaut Aldrin performing pre-
flight training and postflight evaluation of the successful GT-:xII EVA. 
The water immersion simulation of the Gemini EVA utilized full-scale 
mockups of the Gemini vehicle including portions of the Agena target 
vehicle with valid replicas of ancillary E VA equipment such as tools, 
astronaut maneuvering unit, etc. All important items were maintained 
in a neutrally buoyant condition. Bio-instrumentation was incorpor-
ated into the Gemini flight suits and continuous voice and film records 
were obtained. 
The water immersion simulation of the Gemini extravehicular activity 
provided a valid training time line for performance of complex extra-
vehicular tasks and provided adequate measures of the level of work 
entailed. A second capability evidenced as a result of the program 
was the method for evaluating various competitive hardware concepts 
such as tools and motion restraints. The technique used in the pre-
flight evaluation and training was to perform the simulation run with 
ERA subjects prior to actual performance of the training run by the 
astronaut. This technique permitted pre-evaluation of hardware in a 
repetitive manner and served to assess the validity of the water simu-
lation mode. Factors such as drag-damping and orientational stability 
were compensated by variation of the mockup orientation and config-
uration. 
Subsequent to the flight, the time lines and the bio-medical data were 
analyzed to determine correspondences and differences. The results 
of the simulation program supported by an analysis of inflight data 
provides a performance baseline for future E VA tasks and critically 
evaluates the water immersion simulation technique for utility in future 
programs. 
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INTRODUCTION 
The early cessation of the E VA task of Gemini lX caused a reappraz'sal 
of the methods for preparing the astronauts for the flight and also of 
the techn~ques for planning E VA tasks. This reappraisal focused 
primarily on the inapplicability of the then existing simulations and train-
ing for long duration EVA tasks. 
To address this problem, NASA extended a current water immersion 
E VA research contract with Environmental Research Associates to 
inclucie an assessment of the GT-X EVA. "When the simulation, per-
formed by an ERA subject, closely approximated the actual flight per-
formance it was decided to continue the program through GT-XI and 
G T-XII. The program further included a subjective evaluation of the 
simulation t~chnique by an experienced astronaut. Cdmr. Eugene 
Cernan performed this function through a postflight evaluation of the 
GT-lX EVA. 
Simulation of the GT-XI EVA, by ERA subjects, was used to iden-
tify problem areas and to schedule task sequence. Although the 
GT-XI EVA was not completed during the flight, a comparison of the 
resulting data emphasized the need for water immersion simulaUon 
and training. At this point in the program NASA included the water 
immersion training of the GT-XII EVA astronaut. 
Calibrations runs by ERA subject and training runs by the prime and 
back-up crews were performed on a conUnuously updated mockup of 
the GT-XII flight configuration. Subsequent to the iniUal training run, 
major modifications were made to the EVA task which required addi-
Uonal training time and a rescheduling of the launch date. 
Training for the final version of the GT-XII EVA using high fidelity 
hardware mockup was completed two weeks prior to launch. Bio-
medical measurements were made and a time line for the flight EVA 
was established. Finally, a postflight debriefing run was performed 
two weeks after mission completion by the astronaut. 
The success of the Gefnini XII EVA has led NASA to include water 
immersion training as an integral part of E VA mission training and a 
pool facility has been added to the MSC complex for this purpose. 
Since the end of the Gemini program meant an end to all immediate 
E VA experiments contract NASl-7142 was initiated by NASA -LRC 
and undertaken by ERA to correlate, as closely ,as possible, space 
experience and the simulation program. The fo116wing report presents 
the results and conclusions of this program. 
xi 
1.0-PROGRAM SUMMARY 
GEMINI EXTRA VEHICULAR TASK SIMULATION 
Portions of the umbilical extravehicular tasks of four Gemini missions 
were simulated by water immersion techniques at ERA. These were 
the GT-JX, X XI, and}QI missions. A summary of the specific 
tasks simulated is given in _Table I. 
The GT-X umbilical EVA was the first mission-task to be simulated, 
and was performed by an ERA subject wearing an Arrowhead ver-
sion of the full pressure suit. This was followed by a postflight run 
of the GT-JX AMU donning task by Astronaut Cmdr. E. Cernan. 
Subsequent to the performance of the GT-JX simulation, the complete 
task line of the GT-XI umbilical EVA was performed by an ERA 
subject. This was followed by the simulation of the original version 
of the GT-}QI EVA performed by Astronaut Col. E. Aldrin. Sub-
sequently, Astronaut Aldrin participated in extensive water immersion 
simulation - training of the final version of the GT-}QI EVA. 
Gemini X - The Gemini X EVA tasks were performed by an ERA 
subject wearing an air-pressurized Arrowhead, Mark IV Mod · O full 
pressure suit. The task line included the connection of the HRMU 
nitrogen quick disconnect on the adapter and the placement and re-
trieval of experiment components located on the Agena TDA (the 
T-17, and S.:.010 experiments). The subject performed the HHMU-
QD task by staging in a position representative of standing in the open 
hatch of the spacecraft, proceeding in a hand-over-hand fashion along 
the adapter handrail and connecting the QD while retaining a handhold. 
The subject routed the N 2 underneath the handrail prior to the connect 
task. A reverse order Clisconnect task was also performed. 
The ERA subject also performed the T-17, S -010 placement task on 
the Agena TDA mockup. This task included transfering the T-17 
experiment to the Agena TDA mockup, placing the T-17 on the velcro 
attachment pad on the Agena surface and retrieving the S-010 experi-
ment. The S-010 experiment was transported from the Agena in two 
pieces by means of velcro attachment to the ELSS. The HHMU 
mockup was also carried on the ELSS by means of velcro attachment. 
Figure .1-1 shows a sequence of T-17 and S-010 experiment place-
ment and retrieval. The ERA subject experienced great difficulty in 
handling and retaining experiment hardware during movement to and 
from the Gemini target vehicle. 
Gemini 1X - Astronaut Cernan commenced his AMU donning task at 
the umbilicql pigtail connection on the circumference of the adapter 
curtain. He then proceeded to don the AMU to the point of the 180 0 
turnaround prior to strapping himself into the AMU. The task in-
cluded the activation of the AMU and ended with the chest restraint 
connection prior to release of the AMU, the point at which the abort 
1 
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decision was made in flight. Figure 1-2 is an excerpt se q uence 
from the film record of Cmdr. Cernan's performance. ·Water immer-
sion simulation of GT-IX substan tiated the validity of water immersion 
simulation as a tool for assess ing spaceborne tasks. 
Gemini XI - An ERA subject wearing a pressurized G2C-FPS per-
formed the GT-XI E VA tasks in sequential order. During an initial 
run it was determined that the sequence required modification due to 
equipment interactions. The resultant sequence of the Gemini XI 
E VA tasks was used during the subsequent simulations. Figure 1-3 
shows a portion of the water immersion simulation of the GT-XI 
EVA. Early termination of the GT-XI EVA prevented a direct com-
parison of the results of the preflight water immersion simulation. 
Gemini XII - Subsequent to the reconfiguration of the Gemini .x:u;. EVA, 
a series of simulations of the final version of the GT-XII extraJ- I 
vehicular tasks was performed by Astronaut Lt. Col. Aldrin. Also 
included was a postflight simulation evaluation run by Astronaut Aldrin. 
The mockup configuration comprised a full scale " visually-accurate " 
version of the Gemini reentry module including the R/R section and 
the adapter section plus a cylindrical section of the Agena TDA work-
site. 
The simulated GT-XII EVA comprised three basic sequences; (1) erec-
tion of the cockpit TDA handbar, (2) Agena TDA worksite tasks and 
(3) adapter worksite tasks. Figure 1-4 shows the planned task line 
for the GT-XII umbilical EVA which evaluated the astronaut's ability 
to work unrestrained and to work and rest, restrained by waist 
tethers, both in the spacecraft hatch and on the target vehicle. During 
this period the pilot connected the Agena tether and activated the S -010 
micrometeorite experiment package located on the forward section of 
the target vehicle. The pilot then moved to the spacecraft adapter 
work station. 
During the first night period, the pilot performed various subtasks at 
the adapter work station, alternately evaluating various restraint modes. 
The pilot exited the adapter at the start of the second daylight period 
and proceeded to the ATDA work station where he performed various 
subtasks. The pilot returned to the hatch after clearing the target 
vehicle and spacecraft. 
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MISSION 
GT-9 
GT-IO 
GT-II 
w 
GT-12-1 
GT-IZ-Z I 
TABLE I GEMINI EXTRAVEHICULAR SIMULATION TASK SUMMARY 
TASK 
AMU Donning 
HHMU NZ QD 
EVA Comera 
placement 
Agena tether 
Foot restraint 
evaluation 
Apollo sump 
comera retriellal 
0-16 
HHMU QD 
AMU Donning / 
Doffing 
AMU evaluation 
Handrail ere.ctlon 
Adapter work talk, 
TOA work tasks 
CONFIGURATION 
Adapter end section 
HHMU QO panel 
Ageno TOA half-
section 
Adopter end section 
and thermal curtain 
Reentry module 
R/R section 
Same 06 for GT-II 
Reentry module 
R/R section 
Equipment adapter I 
work station 
Retro. adapter 
TOA I work station 
ANCILLARY HARDWARE 
AMU UX) with tether bag and penlight 
GT - 9 foot restraints 
GT - II foot restraints 
ELSS 
HHMU 
T-17 
S - lOan d retention bracket 
EVA still camera 
ELSS 
Apollo sump camera and brackets 
HHMU 
EVA mOille camera and brackets 
EVA still camera 
ELSS 
0-16 with knee tethers 
GT-II foot restraints 
Agena tether and clamp 
Docking bar mirror 
Debris cutters 
AMU (XII) with tether bag and penlights 
GT -IZ foot restraints 
EVA movie camera and brackets 
AMU tether restraint clamps and attachments 
Debris cutters 
ELSS 
Foot restraints I waist tether 
Portable handrail 
Adapter work station 
TOA work station 
Agena tether and locking clamp 
S-IO 
EVA movie camero 
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2.0-WATER IMME R SION TECHNIQUE 
The water immersion technique employed in Gemini s imulation was 
developed by Environmental Research Associates and compr z'ses the 
complete submersion of a subject in an air-pressurized single -gas 
anthropomorphic full-pressure space suit. The suit is maintained at a 
pressure of ' 3. 7-4.0 psi above ambient water pressure by means of a 
relief valve mounted in the outlet port of the suit. 
The complete weight of the subject and associated equipment is counter-
balanced by the buoyancy forces acting on the subject exterior, i. e. , 
the mass of the subject and equipment is adjusted to equal the total dis-
placement. Since the suit when pressurized occupies a volume greater 
than the subject, ballast is required to achieve this condition of neutral 
buoyancy. The ballast is provided by means of distributed external 
w ieghts, located to provide balance in roll, pitch, and yaw axes as 
well as maintaining the neutral buoyancy of the limbs. The water 
immersion technique has been demonstrated to be valid for low -velocity 
motions within restricted areas such as the Agena and spacecraft adapte 
work stations. 
Successful application of water immersion to the Gemini Program was 
due in large measure to the experience gained in prior research pro-
grams and to careful consideration of recognized simulation constraints. 
The water immersion simulation technique is constrained by the follow-
ing major factors: 
(1) The effect of the fluid medium on the motion of the subject. 
(2) The mass increase due to ballasting the subject. 
(3) Attitude stability characteristics due to geometry of the 
subject. 
(4) Metabolic effects of the suit pressurization system. 
The fact that limb movement rates are constrained in a pressure suit 
and that safety considerations dictate that E VA be performed in a slow 
and deliberate manner greatly assist in minimizing the dynamz'c effects 
of the water medium . Experience at ERA has shown that subject 
velocities of less than one foot per second result in negligible displace-
ments due to planing and that the drag forces are low as compared to 
the pressure suit forces necessary to induce the translational velocity. 
The pressure of the water drag force as a damping l1?edium not pre-
sent in space is a limitation which must be kept constantly in mind in 
evaluating the results of the simulations. 
The damping effect of the water is somewhat offset by the necessity 
for the sult subject mass to be 30 to 40 percent higher than actual due 
to the ballasting required for neutral buoyancy; that is, the ballast 
z'neriia tends to compensate for the water damping and the response to 
8 
tb.e net force l'S similar in direction anq magni¢ude to the same require-
ment in the spaqe environment so long as the acceJeration and velocity 
of the subject are relatively small. 
The air volume of the inflated full-pressure suit allows the body pqsi-
tion of the subject to change within the suit. The center of gravity of 
the suit-subject assembly is therefore a function of subject body attitude. 
The center of buoyancy for the suit-subject assembly is not altered by 
the shift of center of gravity. Misalignment of the center of buoyancy 
and the center of gravity results in rotation of the subject to a prefer-
ential attitude which aligns the center of buoyancy with the center of 
gnavity along ~he gravity vector. Constant attention to this phenomenon 
aJ7.d reballasting necessitated by gross attitude changes hold this pre-
ferential attitude effect to a minimum. 
No attempt was made in these simulations to exactly duplicate the suit 
inlet and outlet gas environment as provided by the Environmental Life 
Support System (E LSS) chest pack in space. Air is supplied to 
the pre/iilsure suit subject via an umbilical containing the air supply line, 
air exhaust line, and electrical leads for biomedical measurements and 
voice communications. These items are encased in a normal umbilical 
flight cover with ballast weights added to achieve neutral buoyancy for 
the umbilical. The resulting umbilical assembly was slightly larger 
than the flight item but exhibited similar dynamic behavior. 
An airflow of 10 CFM was used to assure adequate cooling and carbon 
dioxiqe removal from the space suit. The subject was biomedically 
z·nstrumented with standard flight sensors to obtain electrocardiograms, 
respiration rate and depth, and body temperature on a continuous 
basis. 
Figure 2-1 shqws the system configuration developed for the simula-
tion of the GT-XII umbilical EVA. 
A full scale mockup of the Gemini spacecraft and target vehicle was 
utilized in the training-simulations. It consisted of a half section of 
the spacecraft reentry module, a 1/4. section of the spacecraft adapter 
shell, a full mockup of the adapter work station area, and a 1/2 sec-
tion of the Agena target vehicle. 
The space~raft target vehicle area and spacecraft adapter work stati(;ms 
were full fidelity mockups utilizing training hardware identical to the 
flight items. Intervening areas were constructed to conform to the 
mold line configuJ;!atiQIJ of the flight arlicle. The mockup was located 
with the longitudinal center-line of the assembly 6 feet below the sur-
face of the water. Figure 2-2 shows a reprel3entative mockup con-
figuration in the ERA facility. 
Auxiliary equipment included the Agena target vehicle work station 
equipment, adapter area work station equipment, astronaut tethers, and 
motion picture and still cameras. 
9 
- - - - --- ---------------------___ ---J 
Flight configuration work station hardwa.re am:/ tethers wer~ used and 
no attempt was made to achieve neutral quoyancy in these items. 
The cameras were non-operating neutpallY buoyant mockups of the 
flight hardware, but the attachment bra9k~try was identical to flight 
harqware. 
The following personnel attended the suit-subject in the water for the 
Gemini XII simulation run. 
2 - safety and equipment specialises 
1 - simulation engineer 
1 - test conductor 
3 - photographers 
Assisting in the simulation activities in the area outside the pool were : 
3 - biomedical monitors 
1 - command pilot 
1 - flight plan specialist 
1 - pressure suit specialist 
1 .. photographic specialist 
All eimulation personnel were in communlc.ation via a system of head ... 
sets and an underwater loud speaker. 
Data from the simulation consisted of: 
(1) Continuous 16 mm color motion picture film 
(2) Continuous tape recorded volce oommunications 
(3) Biomedical data in continuous and/or tabular form 
(/+) Post run debrif;!ing of the EVA astl;'onaut 
(5) Post run debriefing of simulation pe1;'sonnel 
Eaoh sl'mulation session lasted approximately 3 1/2 hours and two 
simulations were performed each day. Gemini (<II simulation schedufe 
with Astronaut Major E. Adlrin as the subject was as follows: 
September 12, 1966 - SI'mulation, of the early task plan for the 
Gemini XlI mission which included (1) attachment of the 
target vehicle tether and (2) preparation and flight of th~ 
astronaut maneuvering unit. 
October 17, 1966 - Simulation of the revised Gemini XII task 
plan which included (1) attachmf:1nt of the target vehicle 
tether, (2) operation of the adapter work station and (3) 
operation of the Agena work station. 
October 29, 1966 - Simulation of final Gemini XII task plan. 
Emphasis on task time, task sequence ' and work load. 
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,l.O-GEMI N I E V A P R OGRAM SUMMARY 
The Gemini Program consisted of t w elve flights, ten of them manned 
by two-man c rews. Six of these flights had umbilical extravehicula.r 
activity by the pilot as part of their ml'ssion plan . These flights are 
shown in Table If. 
Additional standup E VA was accomplished on these flights wl'th the 
pilot standing in the open spacecraft hatch . The E VA portion of the 
missions was completely or partially accompUshed on all flights except 
Gemini IIIII, which was terminated before the scheduled EVA due to 
a spacecraft malfunction. 
The three objectives of EVA on the Gemini Program were: 
(1) Develop the capability for E VA in free space. 
(2) Use the developed EVA capability to increase capability of 
the Gemini spacecraft. 
(3) Develop operational techniques and evaluate advanced 
equipment in support of E VA for future programs. 
In general, the principal objectives were met but problems encountered 
during the program somewhat shifted the emphasis on the objectives. 
The evaluation of various free space propulsion devices was deferred 
In order to obtain a better understanding of tether dynamics, body 
IItabilization requirements, operation of the pressure suit system, and 
control of metabolic energy loads. 
One of the most difficult aspects of developing an extravehicular capa-
bility was simulation . of the EVA environment. The combination of 
weightlessness and high vacuum is unattainable on earth. Zero gravity 
.ircraft simulations were extensively used and proved valuable but 
occasionally misleading. Neutral buoyancy simulations underwater ultl ... 
mately proved to be the most useful duplication of the weightless, 
tractionless aspect of the E VA environment as experienced by the 
Gemini astronauts. 
The flight plans and tasks for E VA were different for each Gem(ni 
mission so the widest possible experience could be obtained in the 
limited flights available. This diversity of flight activities made the suc-
cess of the program highly dependent on good simulation of the EVA 
environment for development of the flight plan and equipment and for 
training of the E VA astronaut. 
Simulation for Gemini lV, IIIII and 1X -A consisted of flights in the zero 
gravity aircraft for astronaut training and equipment procedures devel-
opment; and one gravity walkthrough for flight planning development, 
stowage development, and astronaut procedures training. 
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Gemim' X and XI had the benefit of water immersion zero gravity 
simulation for flight plannz'ng and equipment evaluation from simulations 
performed by the Environmental Researoh Ass9ciates pressure suit-
subjects and made available to the Gemini flight crews in motion pic-
ture films. Gemini XII, the last Gemini mission, had the full benefit 
of water immersion zero gravity simulation in the (orm of: 
(1) Real time, full length task line development utz'lizing both 
the E VA pilot and the command pilot. 
(2) Extensive pressurized spacesuit operating time in a trac-
tionless environment for the EVA ctstronaut. 
(J) Biomedical surveillance of the E VA astronaut during simu .. 
lation to enable proper flight planning of the EVA work 
load. 
Problems Encountered During EVA - V\lhile the majority of the EVA 
mission objectives were met on each flight, each had minor discrep-
ancies worthy of note to those interested z'n the planning required by 
such a unique activity. 
The first entry into extravehicular activity was performed on Gemini N 
by Lt. Col. E. H. White. The only dz'fficulty he encountered was in 
closing the spacecraft hatch at the end of the EVA. A much higher 
JeveJ of effort was required than had been enoountered in aircraft and 
ground simulation, resulting in rather severe overheating of the EVA 
pilot and to some lesser extent the Command Pilot who had to assist. 
The Gemini ]X -A mission objective, to evaluate a stabilized maneuv-
ering unit during E VA, was not achieved because Astronaut Cern an 's 
high metabolic heat load caused visor fogging, resulting in restriCteg 
VIsIon. The high heat load was due to difficulties in maintaining body 
position during the maneuvering unit preparation activities. These 
difficulties were unexpected in that the Gemini IV E VA and the 
Gemini JX -A training in the zero gravity aircraft had not identiEz'ed the 
extent of the difficulty in maintaining body position. 
The body positioning problem occurred again on Gemini X but did not 
have a significant effect on performance. The work load and posi-
tioning problem became increasingly more important after the Gemini XI 
mission. Severe heating and sweating of the astronaut z'n conjunction 
with bCDdy positioning problems with activation of the Agena tether 
r:;aused an early cessation of the umbilical EVA. 
Major Results of Water Immersion Simulation of Gemini. EVA - The 
water immersion simulation of zero gravity had been used previously 
by NASA as a research tool and as a result of Gemini JX -A, was 
quickly establisheq as an engineering and task planning tool in support 
of future Gemini flights. 
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A relatively low fidelity neutral buoyancy simulation of Gemini X EVA 
part tasks revealed no unexpected difficulty and none was experienced 
by Astronaut Collins on the Gemini X flight except stowage and house-
keeping difficulties which resulted in loss of some equipment. The 
neutral buoyancy simulation of the Gemini XI E VA task plan revealed 
that movement along the vehicle while burdened with many loosely 
tethered items of equipment resulted in a high probability of equipment 
loss and possible entanglement, as had been experienced on Gemini X. 
As a result, two bulky items of equipment were deleted to enhance 
the chances for recovering the data from experiments in the adapter. 
No difficulty was experienced with the target vehicle tether attachment 
task during the neutral buoyancy simulation of Gemini XI E VA, where 
the task was conducted as a one hand operation with the other hand 
used on the docking bar to maintain a floating stability. 
During the Gemini XI flight E VA Astronaut Gordon exceeded the 
capability of the E VA Life Support System, resulting in excessive 
fatigue, overheating, and possibly exceeding acceptable CO2 levels due 
to high metabolic loads. The high metabolic loads were generated 
while attempting to maintain body position to accomplish the task of 
attaching the target vehicle tether. The body positioning technique of 
using the legs to hold position on the spacecraft nose was successfully 
simulated in aircraft and .LG training but proved too fatiguing in flight. 
Had the astronaut used both neutral buoyancy and aircraft zero gravity 
simulation for his training the probl~m would most likely have been 
discovered. 
Gemini EVA experience through mission XI led to the following con-
clusions: 
(1 ) Engineering and task analysis preflight planning of the EVA 
missions had been inadequate to completely define the diffi-
culties encountered. 
(2) When unexpected difficulties were encountered in flight they 
resulted in body positioning problems and a large increase 
in metabolic load as the astronaut powered the space suit 
in an effort to maintain body stability. 
(3) The astronaut could generate metabolic loads which exceed 
the capability of the E VA Life Support System resulting in 
degraded performance. 
(4) The EVA astronaut should use neutral buoyancy simulation 
for training in addition to zero gravity aircraft flights. 
(5) The Gemini XII should be devoted to defining and resolving 
the body restraint problems by means of a series of varied 
tasks, while assuring metabolic loads within Life Support 
System capability. 
These conclusions resulted in the requirement for a high fidelity, 
neutral buoyancy simulation of the Gemini XII umbilical E VA to be flown 
by Astronaut Aldrin. This simulation would address both engineering 
and cre w training aspects. 14 
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TABLE n 
Summary of Umbilical EVA Activity of the Gemini Mission 
MISSION EVA ASTRONAUT DATE DURATION 
~ 
GEMINI :oz: LT. COL. E. H. WHITE n JUNE 3,1965 36 min . 
GEMINI ElI LT. COL. D. R. SCOTT MARCH 16,1966 -
GEMINI lZ -A CMDR. E. A. CERNAN JUNE 5,1966 2 hrs. 7min 
GEMINI.x MAJOR M. COLLINS JULY 20,1966 39 min. 
GEMINI :x:r: LT. CMDR . R. F. GORDON SEPT. 13,1966 33 min . 
GEMINI :xII: LT. COL. E. E. ALDRIN NOV. 13, 1966 2 hr Gmln. 
!L.O-PERFORMANCE ANALYSIS 
Water immersion simulation had been used by ERA prior to the Gemini 
simulation program for general research purpnse::s. The main tasks 
investigated were ingress - egress through alrlocks and passageways. 
In this research program the intent was to measure the interactions 
between a subject pressurized in an anthropomorphic full-pressure 
suit and the surrounding airlocks and passageway structures. No 
attempt was made to ascertain metabolic requirements. 
The primary advantage of water immersion and the main factor which 
recommended it for use in the Gemini program, was the relative insen-
sitivity of the simulation mode to task length. Its major drawback 
appeared to be that since the subject was maintained in a one gravity 
environment within the suit and only the external tractionless aspects of 
weightlessness were simulated, the metabolic determinations were 
unjustified. 
Other versions of water immersion simulation, the water filled suit 
techm·que, partially compensate for this restriction since the density of 
the human body approximates that of water. The water filled suit 
technique, however, suffers a greater handicap, in that suit mobility 
is altered due to the incompressibility and viscosity of the water pres-
surizing media. This latter factor exercises a far greater degradation 
of the simulation since the primary factor under investigation is suit 
mobility in weightless environments. 
4.1 - GEMINI X - Although the problem of valid simulation first arose 
in conjunction with the early cessation of the Gemini IX EVA, the first 
use of the water immersion technique was a portion of the GT-X 
umbilical E VA task. 
The primary objective was the retrieval of an experiment package of 
the GT-1lJI[ target vehicle previously left in orbit. Astronaut Collins 
translated through free space by means of the tractor-type propulsion 
unit (HHMU). Figure 4-1 shows the equipment mockups used during 
the water immersion simulation of the nitrogen umbilical supply line-
coupling and disconnect, T-17 placement and S-010 retrieval. 
All water immersion simulation of the GT-X tasks were performed by 
ERA personnel wearing Arrowhead, Mark IV full-pressure suits. 
The three umbilical EVA tasks were simulated numerous times in a 
manner specified by NASA flight crew training personnel. During the 
performance of the simulations various astronauts were present and 
acted as observers, and performed certain parts of the task in 
SCUBA. Film records of the simulations were viewed by the Gemini X 
flight crew. The important aspects of the simulated task performance 
are summarized below: 
(1) The subject wearing the FPS • stages" from a standing 
position in the pilot's seat. 
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(2) The subject activates the handrail on the adapte r . 
(3) The subject, wearing an ELSS w ith the H H M U 'velcroed 
to it, egresses the Gemini and proceeds in a h and o v er 
hand manner d o v.Jn the adapter handra il t o the l o cation of 
the disconnect panel. 
(4) The subject opens the storage panel of the HHMU- N 2QD 
by a pinch-action on the fastener in the face of the panel. 
Subsequent to panel release, the subject throws the panel 
away. 
(5) Taking the HHMU-N 2QD in one hand, retaining a han d-
hold on the handrail with the other, the subject eff ects a 
connection of the QD with a pushing motion. 
(6) Upon successful QD operation, the subject rotates the 
nitrogen on-off valve which had been made automatically 
accessible by panel removal. This activation involves the 
90 0 rotation of a small handle located near the QD. 
(7) Removal of the QD occurs in a reverse manner. The 
release of the QD occurs in response to a "light" push 
on a release lever integral with the QD. 
Various general conclusions concerning the simulation technique and 
operation were made by the ERA and NASA project engineers . It 
appeared that the mockups supplied to ERA 'by MSC were inadequate 
to determine the total character of task performance. The mockup 
duplicated only small portions of the spacecraft, approximately one 
square foot of the adapter surface and a small length of a half section 
of the target docking cone area. These sections were insufficient to 
determine complete body interaction with the spacecraft. 
Several important factors were determined. (1) A new routing 
technique was specified for the nitrogen umbilical supply line to prevent 
-tI'stronaut entanglement and to control the location of the disconnect, 
(2) serious hardware-spacecraft interactions were observed wherein 
various loosely attached elements were continually being snagged by 
protruding hardware and lost during movement to and around the tar-
get vehicle, (3) it was observed that the handholds and motion aids on 
the target vehicle were inadequate to permit the astronaut to properly 
retrieve and activate experiments (particularly the S-010 micrometeor-
ite collector), and (4) the subject's feet continually contacted the 
spacecraft as a result of the ' natural tendency of the suit when arm 
motions were involved. This latter factor was in disagreement with 
the reports of Astronaut Cern an , who had experienced body positiON-
ing difficulty; his feet and body continually moved away from the space-
craft. 
No attempt was made to determine the metabolic requirements of the 
task since the Navy Mark IV FPS was used and a continuous task 
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line simulation was not performed. NASA personnel used the film 
record of the simulation in a qualitative manner to acquaint the crew 
with the visual aspects of the task performance. At this time 7 the flight crew felt that the motions evidenced in the water immers!on simu-
lation would not be replicated in flight. 
Subsequently, a quantitative measurement of task time and body-
hardware contacts was made by ERA in preparation for correlation 
with data from the flight. As it turned out there was no flight film due 
to camera malfunction so that the voice record and the postflight de-
briefing were the only information that was analyzed. 
The Gemini X umbilical EVA began after rendezvous with the 
Gemini VIII target vehicle. After retrieving the 8-012 micrometeorite 
package the pilot proceeded to connect the HHMU nitrogen supply line. 
The 8-012 retrieval was not simulated in the water. After returning 
to the cockpit the astronaut prepared to transfer through free space to 
the target vehicle. Mth the Gemini vehicle and target in close prox-
imity (appro;cimately 5' separation) the astronaut pushed off to w ard 
the target vehicle grasping the outer lip of the docking cone. 
Verbal description ot the maneuver ascertained that the ERA subject 
had accomplished this maneuver in a similar fashion. The astronaut 
lost his hold on the smooth docking surface and drifted away from the 
vehicle, returning by means of the HHMU. He then used appur-
tances on the docking cone as handholds and proceeded to accomplish 
experiment retrieval. Similar performance had been observed in the 
simulation ~ Table 1II presents the results of the data analysis of the 
simulation run. 
The GT-X umbilical EVA had the following major results: 
(1) It marked the performance of the first work task by an 
astronaut in space and also first transfer between space-
craft. 
(2) The astronaut performed an abbreviated EVA with relative 
ease. 
(3) The performance of the EVA waB'incomplete and dat.a ret"!?:::-;:z 
degraded by a malfunction of camera and the loss of 
camera and micrometeorite package. 
(4) The astronaut experienced relative difficulty in moving along 
the spacecraft due to inadequate restraint and handholds 
and perturbation to the passive target vehicle. 
The work loads evidenced were relatively low and only during ingress 
and hatch closure were elevated beart rates and respiration rates 
noted (peak respiration rate = 34/min., peak beart rate = 160 min.). 
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In general, the flight performance c or related ver y w e ll w ith t he p re -
flz'ght simulation taking into a cc ount the d ifference in s u its and also 
subject differences " The astronaut was required to route th e nitro -
gen umbilical in a slightly different manner than p lanned beca use the aft 
handrail did not fully exte nd. A stronaut Collin s s tate d in th e pos tflight 
debriefing -
Collins - ViAs far a s the nitrogen line hookup went, it was not 
very d'ifficult, but it was not very easy either . The half of the 
quick disconnect on the umbilical itself has a sleeve around it , 
and this sleeve must be in the retracted posit ion in o r der to have 
it cocked so that you can make the disconnect connection ,. The 
first time I took a stab at it, I hit the fitting on the side of the 
spacecraft a little bit off center - a little bit off axis ) and that 
snapped this collar down to the engaged pOSition, and in this 
configuration z't will not lock in place . So, that meant I had to 
go back and :t:'eco~k it. This takes two hands J and so I had to 
l8t go with both hands for not more than J 'seconds to get that 
thing I 'ecocked; and then on my second attempt I did make th(3 
QD without any trouble , and then .r turned on the n lfn:mgen valve 
In general ~ the body positlOning was not q.v. ite as difficult I thmk, 
as I had been led to believe by some of these water tests and 
what not , but on the other hand it wasn't a very easy th iI1g 
either particularly because I was using the forward handrail 
rather than the aft h~ndI'ai1 and my body had a sort of a side -
ward compf)nent whenev~r I pushed down on the QD , I 
not only tended i'o pitch my body down against the si.de of the 
adapter but also tended to roll off, and this made It slightly more 
difffculL Anyway, I did get the thing plugged up on the second 
trYi and if used maybe 5 minutes doing this ;, The reason I 
wasted so mueb time was because I had to correlate my body 
position with John . !' 
Tn the water immersion simulation the subject experienced simzlar dif -
ficulties with inadvertant activation of the connector and with his feet 
interacting the spacecraft ezterior. 
During the water immersion simulatlon the ERA subject also had dif-
ficulty in obtaiI1ing and maintaining a handhold on the Eimooth docking 
cone lip _ Further, eVf~n though the mockup halfsectlon of the TDA 
was fairly rigid due to buoyancy the subject's motion continuously af-
fected the mockup 0 The subject also had difficulty in operating the 
S -01 0 latches and in' attaching the sectlons of the S -010 to his chest -
pack and velcro patch on his thigh. The a.stronaut had a similar 
experience during flight _ Pilot Collins and Command Pilot Young 
stated in the postflight debriefI'ng -
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Collins - "Igrabbed hold of the docking cone as near as I can 
recall, at about the two 0 'clock position 0 If you call the location 
of the notch in Up the 12 olc1ockp I was to the right of that -- at 
about the two 0 'clock position and started crawling around. No, 
I must have been more about the four 0 'clock position, because 
I started crawling around at the docking cone counterclockwise, 
and the docking cone itself, a leading edge of the docking cone, 
which is very blunt, makes a very poor handhold in those pres-
sure gloves. I had great difficulty in holdlng on. And, as a 
matter of fact, when I got over by the S-010 package and tried 
to stop my motion, my lnertia, my lower body, kept me right on 
moving and my hand slipped and I fell off the Agena. 1I 
In the first water immersion simulaUon run the Agena Target Vehicle 
was fixed mounted on the pool floor. The subject staged On. "tfJ3:·lo~­
ward end in front of the docking bar guide. His initial efforts at T-17 
and 8-010 operation were impeded because the chest pack interacted 
the docking cone. The subject rolled over on his back to free the 
chest pack and grasped the edge of the docking cone. The subject 
moved around the lip of the cone by a sliding hand motion, taking care 
to retain a handhold at all times. The subject altered his position by 
exerting forces with his hands, using random handholds in the area 
between the docking cone and the Agena interface. This resulted in 
placing the subject in a position facing the velcro pad located on the 
Agena surface. 
A second simulaUon run was performed to assess the factors involved 
when the Agena mockup was allowed to move in six degree of free-
dom motion. This was accomplished by suspending the Agena mockup 
above weights located on the pool floor. The mockup was connected 
to the weights by a three cable suspension. In this manner the effect 
of subject velocity at the time of contact was assessed. The subject 
was propelled toward the mockup at a low velocity from a separation 
distance of approximately three feet. 
This attempt failed because the subject could not maintain a visual 
sighUng of the mockup and consequently lost physical contact as he 
passed over the mockup. Momentary con~ct with the mockup caused 
significant motion perturbation to both the subject and the mockup. 
Since no handholds were provided further attempts at 6Ellltact by the 
subject only added to the motion perturbation. 
A second attempt at subject contact with a semi -free mockup was 
successful. The subject had determined proper orientation and hand 
position prior to the maneuver. 
20 
After successful initial contact the s ubjec m ov d to the expe r iment area 
in a manner simi ar to, hat p erformed auZ'i g th e fix e d mockup simula-
tion run. Mockup perturb ation w as m i.nim ai d ur ing movement to the ex-
periment area and was on y viBible "Nhe .h e subject attempted to man-
euver over the lip of the d o ck ing con e ., This m ock up movement did not 
degrade the subjects p e rforman c e Q It is felt that the motion was not 
entirely representative of the free moti n of the Agena in space due to 
the mockup coniiguratioll'LQ H o w e ver, the effe ct of semi-free mockup C.c 
action in the water simulation a ided in assessing simi ar effects in the 
true space environment v 
Collins continued h is des c r iption of the orb ital performance in his de-
briefing -
Collins - "At any rate, I slo wly worked my way around to 
the 8-010 package and r mo ved the nose fair ing. If took me 
about three or four s tabs :0 get both thos e buttons pushed. The 
button on the r ight, I think, I got the s econd t ime and the button 
on the left, I believe, I got the second time ,. And when they 
were both pusbed in, I got my fingers down in that hole on top 
of the fairing and eased the fa iring forward " The falring came 
forward and then felt like it was locked in place c But when I 
gave it an up ward componen it di.d c o me off 0 And I was trying 
to do this very gently, b'ecause the fair ing was connected to the 
main 8-010 pack,age by these two little wires, which are simply 
pins that would pull r ight out of the 8 - 01 0 package , I very gin-
gerly removed the nose fairing and w i'thout putting an pressure 
on the wires, I w e nt back and grabbed a hold of the 8 -010 
package itself and removed it ., I held, from that time on, I held 
the 8-010 firm y in my left hand and the w ires held, and we got 
the nose cone back in that manner " 1/ 
'While the simulation of the Gemini X umbilic al was b y no means a qom-
pkte task line, several important con ciusions were drawn .. 
(1) The seve r al Gemini umbilical E VA tasks s imulated 
(T-17, 8 - 01 0 and the mtrogen dis conne07;) were adequately 
accomodated by wate r immer sion techniques < 
(2) Equipment c a rr-led on ,h e s uit exterior w ould have to be 
secured to pre v e n t damage r losa. 
(3) Body dynam ics and motion characteristics were adequately 
simulated as long as the astronaut was restricted to motions 
on or near the surfac e of the spacecraft. 
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(4) The characteristics of certain of the mockups previous~y 
used in conjunction with zero gravity aircraft were insuf-
ficient to yield adequate information as to body-spacecrqft 
interactions. 
(5) Handholds must be provided to accommodate the tasks 
planned. 
These I1esults were SUbstantially borne out by the astronaut's perfor-
mance in space. 
4.;: - GEMINI lX - The Gemini lX simulation was the first instance 
of astronaut participation at ERA. The G T-lX simulation run took 
flace at the ERA facility after the preflight simulation of the Gemini X 
umbilical EVA tasks. The Gemini lX simulation allowed direct com-
,parison of 'P"ater immersion simulation performance with actual experi-
ence from space. 
The mockup for the Gemini lX simulation consisted of a full scale sec-
tion of the aft end of the equipment adapter with the AMU fixed in the 
center of the gold protective curtain. Two sets of foot restraints we,re 
attar;:hed. The actual foot stirrups were located in the proper activated 
position relative to the AMU. A second set of foot restraints, the 
" dutch shoes", were located 1 80 0 opposite the foot stirrup location. 
These latter foot restraints were a proposed concept for the G T-XI 
and XII flight that Astronaut Cernan was to evaluate at the end of the 
G T-JX simulation run. Figure 4-2 shows the Gemini lX mockup in 
th~ water simulation facility. 
Tlae following procedure was used in this and all subsequent simula-
tion-training runs at ERA. After the mockup was placed in the water 
relative to operational and photographic constraints, initial runs by 
SCUBA (wet suit) equipped subjects and observers were made to 
asses~ potential simulation difficulties and deficiencies. Appropriate 
ohanges to the mockup and setup were made to yield maximum single-
run simulation fidelity characteristics. 
An ERA subject wearing a pressurized Gemini suit performed the 
total simulation run one or more times under astronaut (in situ) obser ... 
vation to familiarize the astronaut with the simulation technique and pro-
cedures and to serve as a final check on simulation equipment and time 
line fidelity. 
In many instances the hardware supplied was not valid flight hardware. 
The mockups also were not 100% fidelity in that they represented only 
general mold line conformation to the spacecraft. Discrepancies were 
119ted and discussed by observers and the astronaut and appropriate 
ohanges were made where required. Where the change obviously 
would not increase the information content of the run, no changes were 
made. As the program developed, mockups were continuously updated 
to assure the greatest validity in true space operation. 
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The Gerpini 1X task, simulated at ERA comprised only the AMU don-
ning task. Table IV summarizes the sequential steps simulated. 
As was stated earlier, the Gemini 1X umbilical E VA of Astronaut 
Cernan was the first indication of potential difficulties of man's opera-
tion in space. Several aspects of the IX performance contributed to 
this ; 
(1) Prior to the IX mission, no simulation technique existed 
which would give a true picture of the AMU donnz'ng por-
tion of the task, particularly the weightless aspects of the 
tasks. The zero gravity aircraft simulated the task in a 
number of thirty second segments. This did not give a 
true picture of the cumulative task work-load. One grav-
ity walkthroughs ~did not determine the work required to 
maintain body position while working and those due to the 
requirement to exert forces and torques without the aid of 
normal .L G traction. 
(2) Up to the time of the mission, umbilical E VA was thought 
to be relatively easy due to the experience of Astronaut 
Col. E. V1i'hite on Gemini IV. 
(3) Minor hardware equz'pment malfunctions during the EVA 
contributed to accelerated heart rates. A garment tear in 
the. inner layer suit contributed higher heat loads. 
(4) The umbilical E VA was terminated due to visor fogging 
brought on by excessz've work loads complicated by the 
suz't problem. 
With this as a basis, a water immersion task simulation evaluation pro-
g1J'am was conduoted using both the ERA subjects and Astronaut 
Cernan. The purpose of this E VA simulation was not jPrimarz'ly to 
solve the problems encountered by Astronaut Cern an • Rather. the 
purpose was to allow Astronaut Cern an to assess the simulation tech-
niq~e in the light of his recent space experience, in or-der to provide 
NASA with guidelines for the rem9,ining Gewini umbilical E VA missions. 
';I'hre~ simulation runs of Gemini 1X type tasks are discussed and com-
pared in thE; following section. These are ': (1) the postflight run by 
the Gernz'ni 1X astronaut, (2) a comparz'son run of the Gemini ]X task 
by the ERA test subject, and (3) the preflight run of the initially 
scheduled Geminz' XJI task by Astronaut Aldrin. CQmparz'son of these 
tpree runs yields direct correlation of the effective1(.ess of the various 
foot restraint m0des used throughout the Gemini missions. Astronaut 
Cernan used the G T':'IX foot stirrups, while the "Golden Slipper" 
f09t reEltraints were used by Astronaut Aldrin. The ERA subject 
performed the .A.MU donning task both with and without foot restraz·nts. 
Much discussion has been forthcoming 01(. the value, valz'dity, and futur~ 
u~e of foot restraints as a result of the outcome of the Gemini 1X EVA. 
Tpe determz'nation of the exact value qf the foot restraints requires an 
examina~ion of conditions existing prior to water immersion simulation. 
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ThI'ee problems had been identified as responsible for the early ter-
mination of the umbilical EVA of GT-IX 
(1) lack of a valid simulation mode for long duration tasks 
(2) improper body restraints 
(3) ELSS capacity exceeded 
The astronaut stated that throughout his E VA" his feet continually 
floated away from the spacecraft and that he had to expend consider-
able energy maintaining body position. He also stated that these fac-
tors had not been reproduced during preflight simulation runs in the 
zero gravity research aircraft. 
At the time of the postflight water immersion simulation of the G T-JX 
lJmbilical E VA, ERA specifically set about investigating this unrestrained 
motipn phenomena to determine whether similar effects would be en-
oountered during water immersion simulation runs. The NASA had 
at this time already planned and initiated future space experiments to 
determine the body motion effect and to circumvent body positioning 
difflculties. The GT-X pilot and subsequent E VA astronauts would 
try to reproduce the free-float tendencies experienced by the GT-IX 
pilot. Missions XI and XII would include redesigned foot restraints. 
Further, the primary emphasis of the GT-XII umbilical EVA would be 
an evaluation of restraints. 
The postflight evaluation run of Gemini IX was performed by Astronaut 
Cernan at the ERA facility on 7/29/66 and lasted for approximately 
3 hours. The AMU was mounted in the stowed positton in the adapter 
wf;ll and Fhe foot !3tirrups were in the activated position. The astro-
naut staged from tb.e position in the flight line where he enters the 
adapteJ:' from the handrail and inserts his umbilical in the pigtail and 
panclba+' qlips. Figure 4 -3 sho ws the astronaut at this stage of the 
fJimulation. Table V details the results of the analysis of the film 
record of the water immersion simulation of GT-lX. 
The total duration scheduled for the GT-lX umbilical EVA was 167 min.,. 
utes, but it was terminated 39 minutes early due to the visor fogging 
problem mentioned earlier. Visor fogging occured at a point in the 
task line immediately after the lowering of the AMU controller arms. 
This task is shown in Figure 4-4 in the water immersion simulation. 
In the simulation" Astronaut Cernan performed the controller arm un-
stow tasks a z:1,umber of times in order to compare the simulation with 
his space experience. 
The unstow task required the astronaut to exert a large pushing force 
on the top of the controller arm to free the arms from a detent. The 
motion was to compress a relatively high force (approximately 25# lin. ) 
spring approximately 1/2-1" in order to allow a blade shaped detent to 
move free of its retention slot. General mission requirements were 
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that the astronaut was instru.cted,to maintain his stance in the foot stir ... 
rups shown in Figure 1.;.-5 during the AMU donning sequence. Thrls 
posture required the astronaut to simultaneously compress the con-
troller arm and to bend the suit at the torso and at the arm. All 
these suit motions require large forces and induce high metabolic 
loads. The astronaut reported that the water lmmersz'on simulation 
mode adequately reproduced the major aspects of E VA performance. 
To provide a dlrect comparlson of the effectiveness of the foot re-
straints, an evaluation of the ERA sj.1.bject' 13 performance without re-
stralnt aids and Astronaut Aldrin's performance of the original version 
of GT-XII with the molded foot restraints was made. Three criteria 
of comparison were used (1) dlrect time comparlson from fUm analy'-
(?Ijs, (2) average limb motion from fUm analysis, and (3) subjective 
comments both from the subjects and the direct observers. Table v.r 
shows the effect of the restralnt mode on the subtasks comprlsing the 
AMU donning tasks. It is evident that, in general, the more re-
strained the lndlvldual the greater the duration of the task., General 
analysls of the motions z'nvolved further indicate that for the AMU don-
ning task that the greater the restraint the greater the energy required 
for suit flexure. This is attributed mainly to the ;rigidity of the space 
suit ~d the relative placement of the restraints and the work station. 
The natural angle of the upper torso and arms of the Gemini suit were 
fiJfed for optimum operation in a seated mode. While standing, the 
neutral position of the arms cau'sed the optimum work level to correS-
pond to a position approximately one foot below eye level. The AMU 
donning task required relatively high level force application in a region 
(+ 1.5) feet from this optimum work site. Therefore, a large portion 
oE the tasks induced an added energy re quirement for suit flexure. 
This is basically true whenever the position of operation is fixed rela-
tive to the worksite. Fixed work spaces impose q. • psuedo" one 
gravity handioap on the task. Optimum operation in weightless environ-
ment allows the a,stronaut to freely position himself relative to the work-
site and thus optimize the energy expendi~ure for each task. This is 
borne out by the qualitative evaluation of the AMU donning task with-
out restraint aids presented in Table \III This is not to say thai; 
the astronaut should work in a completely unrestrained condition. It 
appears that for most tasks the best combination of restraints are 
waist tethers to control gross motions to relative proximity of the work-
site' and portable handholds to permit the application of forces or 
torques. 
Subsequent to Astronaut Aldrin's training fop the GT-XII task (first 
version), NASA decided to reconfigure the tasks to comprehensively 
cover the broadest possible spectrum of E VA tasks. Table 17III 
shows the results of the analysis of the water immersio'n simulation of 
GT-XII (1). Analysis of the results of the simu~ation indicate that the 
~stronaut could have properly and successfully completed the tasks as 
originally scheduled but that minor modifications to the restraint design. 
should be accomplished if a similar task is scheduled for future 
rpissions. 
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4.3 - GEMINI XI - Water immers ion simulation of the Gemini XI 
umbilical EVA was initiated at ERA on August 10, 1966. Due to th~ 
proximity of the flight astronaut participation was not planned. 
Ceriain poriions of the sequenc es were o mitte d in the simulation que to 
unavailability of representative flight hardware or because of the obvi-
ous limitations of the simulation medium. Previous experience had 
shown that tasks involving gross, relatively high velocity motions and 
excursions away from the spacecraft suffer serious degradation in the 
water simulation mode due to the drag-damping characteristics of the 
water. Rapid attitude excursions of the subject are limited by the 
preferred attitude characteristics previously discussed and by drag 
and planing effects. HHMU evaluation is representative of tasks not 
particularly suited to water immersion simulation. 
The Gemini XI simulation marked the initiation of the use of the total 
Gemini mockup configuratiop. All simulation runs after Gemini XI util-
ized a quasi-complete spacecraft system configuration which conformed 
in moldline contour to the actual spacecraft configuration. The basic 
mockup conffguration comprised a modified adapter end section from the 
Gemini 1X simulation, a representative Gemini R/R section loaned by 
the Langley Research Center, NASA and a quarier section of the 
adapter surface. In later simulations a section of the Agena target 
vehicle was added to the mockup complement but was unavailable for 
the G T-XI runs. 
A sequential time line was performed by the ERA subject wearing a 
G2-C version FPS. Poriions of the time line which were incompatible 
with the simulation medium were omitted. Actual hardware was us~d 
where available. Where this hardware was not available, reasonable 
facsimili were built at ERA and made neutrally buoyant where time 
permitted. 
The USAF, WPAFB supplied a working versiop of the D-16 experi-
ment, the torqueless power tool. This was made neutrally buoyant 
by encapsulation in a transparent plastic cylinder and is shown in 
i!'igure 4-6. The encapsulation increased the external dimensions of 
the tool making it impossible to stow in the equipment stowage area 
provided in the reentry adapter wall, Figure 4-7. A second unit was 
used for the unstowing operation but was not made neutrally buoyant. 
An initial simulation run indicated that a rescheduling of the sequential 
events would result in better utilization. Also, the astronaut had been 
required to carry excess hardware (cameras) to the adapter. Recom-
mended changes were incorporated prior to the final simulation run. 
The purpose of the GT-XI simulation was to provide a complete pic-
torial record so that NASA personnel and the crew could review the 
umbilical time line. The results of the analysis of the film record of 
Gemini XI simulation is given in Table 1X. 
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Th~ Gemini XI umbilical was terminated early after approximately 
thirty-three minut~s of hatch-open time. This early termination was 
attributed to two factors; (1) difficulties with the attachment of the 
extravehicular visor prior to EVA and (2) an 4nusually high expendi.., 
ture of ener,sy by the pilot during the Agena tether task. The astro-
naut also noted a continuous tendency to float up and out of the space-
craft at the beginning of the EVA. 
Th~ retrieval of the S-009 experiment and the handrail erection wenb 
smoothly. The first problem encountered was with the installation qf 
th~ EVA motion picture camera. This difficu~ty was later attributed 
to a last minute change in the design and operation of the bracket. 
The ca.rnera had to be inserted in one orientation to permit a d~tent to 
mate with an antirotation slot in the recepf:;3.c[e. The astronaut had to 
exit the hatch to bring his body over and apove the camera receptacle 
and exert a relatively high pushing force to instq]1 tpe camera. 
Figure 4-8 , i{3 a picture showing the ERA subject installing the 
9ame~a during the preflight sim4lation. 
Astronaut Gordon then moved to the area of the Agena tetller. He 
pU$hec;i off the hatch and the hatch holding c:Jevi~e using a technique 
suggested br Astronaut Cernan, and moved to the 90cking bar, att~mpt­
ing first to gras!? the RCS thrusters. His initial push off caused hi~ 
to float "rlP above the TDA. Command Pilot Conrap. retrieved him by 
f?F1~ing. him back with the umbilical. His second try at this movePlent 
was successful. Figure 4-9 is a pictorial seqflence from the water 
siPlulatiop run of this ~egment of the time line. 
Attaching t~e Agena tetfJ,er involved an unusually hi~h expenditure of 
energy, and the pilot becar:ne very fati~ued and began ~reathing rapidly. 
Figure 4 -lOis the astronaut's heart rate and respiration rate during. 
the EVA. Mea,I!1urements of similar parameters were not made clu~inlf 
tq.e simulation since the simulation involved only the ERA subject. 
Jf'igure 4-11 is a flight film sequence showin,g activation of the ~~lf-r 
tet~er. The following comments by th~ command pilot and the pilot 
during the postflight debriefing describe the detail~d performance. 
Gordon - "Well, we did get it, and I tried to get myself in pos, ... 
tion on the spacecraft, as I had done before. I wanted to use 
my If{!gs inside the dockin~ cone tc;> help wedge myself in there i/q 
that I could have both hands free. B 'ut, uniortuilately, this was 
nc;>t the case. , It didn't happen this way. I had to use mY left 
hand and haJ1,g on to the handhold on the left side and do all t~e 
work and attaching this tether with my rigq.t hand. .f!.nd this was 
a monumental task as far as I was qoncernea." 
Conrad - "Yes, now let's stop right there. I had watched you 
do 'this very task in the ze;ro-g airplane. You could get in that 
zero-g airplane and whistle 1,lp to thpt thing and get yourself 
plfJ.rkefi wh~re you were completely astride it and pull yourself 
down, but you never could do that up there. Yqu were off the 
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thing, and you never got your legs as far forward in the TDA 
as you dz'd in the z~ro -g airplane. It just wasn't quite the samt;t, And there you were. I kept seeing you working away, having to hang on with your left hand. " 
Gordon - "Tethering was difficult; it was so hard to maintain my position and 'Work on this thz'ng, that I let my feet float up 
and out of there and use one of the handholds and one hand on the clamp. I had an awful lot of trouble screwing this clamp down. Every time I tried to turn it, i~ would swivel on the docking bar. " 
Gorilon - "Anyho w, I finally got the clamp on to my satisfactiolf' The tether was in place. There was one test remaining to do up there, and that was to install the mirror. I took one tug at the cover that was over that mirror, and it didn ft give an inch. I just gave it up and said forget it. I came back to the hatch. " 
Conrad - "That was quite a job getting YOll back to the hatch. You a~ked me to do something a couple of Umes. I gave you a very light tug and you started to take off up and away from the hatoh. " , 
Gordon - " Well, we did get back to the hatch, and by this tilf.l~ I was pretty exhausted. We stood there for a long ti~e trying to catch up with eyerything, and the only thing that was really wrong was that I was havi11rg trouble with fllY ri~ht eye. This was m~rely a matter of sweat in my eye, anri I was having trout>l~ seeing out of it. It was actual sweat, and it was sting-ing my eye. I was complet~ly exhausted at the tifTle. I wanted to g~t back to that adapter very badly for the nightside pass, b4t we talk~d about this and made the decision to ingress rather than leave me out there for the nightside pass. " 
Figure 4- -12 is a picture of the ERA sUQject performing the Agens. te~her task c;iuring the simulation. The ERA subject performed th€l Agena tether task in a manner completely different from the pilot. Th~ Ip.RA subject utilized the aqvantages of operq.tion in a weightless en vi -ron~ent to pOf?ition himself in an optz'mum manner relative to the work .. sitfi! Eplil performed the task while maintaining p. single handhold. A b'{:tter method might have included the waist tether restraint technique whiqh would hAve allowed the subject to u?e both q.ands. No undue effort was noted during the simulated performance Qf this task. The comhination of excessive sweq.t buildup by the astronaut C#2d the aRpar" ent fatigue caused the command pilot to terminate the EVA. 
Al~ othe~ assigned ta~ks were accomplish~d without undue difficulty in the sif.Tlulation with the exception of the 1;)-16 experiment. The D-16 e~p~riment hardware is shown in Figure 4-13. The sUQject ~as ~fi!­f!.uired t9 evaluate a combin~tion of restrained and unrestrained operar tiops utUizinga torqueless pow~r tool (8PT) to estab)ish man's 
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capab{l(ty to perform controlled maintenance tCf~ks in place. Tbe ini*ia./ 
evaluation was scbeduled for tbe GT- v.nr umbilical EVA, but was not 
accomplisbed due to tbe early termination of tbe mission. Tbe D-16 
experiment was tbe subject of extensive study and simulation by tbe 
USAF-WPAFB. 
Difficulties were encountere~ in tbe water simulation due to (1) tbe 
Jpoa~ion. of tbe torque panel relative to tbe restraints, (2) knee tetberli3 
activation, and (3) tbe excessive force requirements of tbe (SFT) 
trigger mecbanism. Figure 4-14 is a sequence sbowing tbe D-16 
tas~ during tbe water immersion simulation. Similar difficulties did 
not occur in tbe simulation of tbe D-16 in tbe zero gravity aircraft. 
Tbis difference is probably due to tbe relatively low fidelity of tbe bqrd-
WaI1e in tbe water simulation. Tbe sbort duration of tbe zero gravity 
parabola, however, probably did not show tbe difficulties I1esulting 
trom continuous application of force on tbe trigger and due to body 
positiofl maintenance. 
The results of tbe Gemini XI mission performance empbaslzed the need 
lor more extensive simulation by water immersion techniques to develop, 
night bardware configurations. Further, it became obvious tbat ast,:'o- i 
naut training in tbe water simulation mode would greatly benefit missiQT.f 
pe:rformance. With tbls in mlnd, the NAS../1.- scbeduled Astronaut 
Aldrin' EI participation in tbe water immersion simulation of tbe lm"tial 
vers(Qn of tbe GT-XII umbilical EVA. Detatls of the simulation effort 
of the GT-XII, verslon 1, were included in the section dealing witb the 
G T-JX simulation due to task similarity. 
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TABLE 1II GEMINI X WATER SIMULATION "DATA ANALYSTS 1'oge 1 of 2 
TASK 
T-i7 
S-10 
HHMU-N2 -QD Activation 
sunnsu 
Initial body positioning 
evaluation 
Move.ment 
Positioning prior to T-I7 
placement 
T-17 placement 
Manual deployment of T-17 
panels 
Positioning prior to S -10 
retrieval 
S-10 fairing removal 
S -10 experiment retrieval 
Movement - sic along hand-
rail to Quic,k Disconnect 
Pane1 
Positioning 
QD connection 
N2 valve activated 
TIME 
INTERVAL 
(Seconds) 
33.4 
20.8 
15.0 
66.6 
5.0 
16.6 
58.3 
29.1 
6.2 
20.8 
22.9 
29.2 
ENVIRONMENTAL RESEARCH ASSOCIATES 
cor.~&iEUTS 
Subject attempts to find correct handhold positions 
For approach to S-10 area on Agena. 
Subject travels along circumference of TDA, 
rela.ining c.oclacl with left band. 
T-17 lost due to interaction with mockup. 
Subject recovers T-17 with rigbt hand and places 
experiment on Agena velcro retention patch; 
Left hand maIntaining body position during this 
subtask. 
Subject unfolds experiment manually using right 
hand to maintain body position. Subject secures 
open panels to velcro (spring loaded mechanism 
for automatic u.nfolding panels not operative) 
Subject inadvertantly touches face of T-17 while 
attempting body positioning. 
Subject maintains handhold on lip of docking cone 
throughout this movement. 
Far ing velcroed to -ELSS. Subject uses left 
hand to maintain contact with Agena. 
S -10 removed with left hand and velcroed to 
ELSS . Interaction with T-17 and left side of 
subject LS body almost f.rees experim ent from its 
velcroed position. 
Subject pivots on handrail (180') at QD panel . 
Subject transfers QD hose tbr-OJJgh-aft section of 
handrail (thres:ding operation). 
Subject exami1re"B QD -and hose momentarily befaTe. 
activation. 
, 
w 
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TABLE !II Continued 
TASK 
HHMU-NZ -QD Activation 
(Cont) 
HHMU - N 2 - QD Deactivation 
Page 2 of 2 , 
SUBTASK 
Movement - QD panel along 
handrail to s ic 
Movement - sic along hand -
rail to QD panel 
-\.2 valve shutoff and QD 
clsconnection 
,\1ovement - QD panel along 
i: a ndrail tow.3.rd s ic 
?ositiC"ning 
,',1ovement along handrail to 
s i c continued 
TlPIlr: 
INTERVAL 
(Seconds) 
37.5 
28.1 
11.4 
16 . 7 
12 . 5 
/.;.1.7 
ENVIRONMENTAL RESEARCH ASSOCIATES 
cor.~',lEfns 
Subject again pivots ~80 0 on handrail. 
Subject uses left hand for both subtasks. 
Subject transfer QD hose to left hand before 
moving down handrail. 
Subject transfers QD hose back through aft 
section of handrail (unthreading operation). 
-ll ----------______ -i ________________ ~ ____ ~ ____________ ~ ____________ __ 
'"" t-:I
1. Move to a d apter pigtail along adapter handrail 
2. Insert umbilical into adapter guard 
3. Move to donning station - stand on foot bar 
facing AMU 
4. Pull u mbilical taut an=! insert in h ;;md bar clip 
5. Unsto wand position mirrors 
6. Open penlights - actuate and attaoh lights to 
handrail with v-:lcro 
7 . Conne ct black tether jumper hook to AMU 
tether ring. Unstow tether bag 'find connect 
both or'ange AMU tether hooks to r ing on 
umbilical tether 
8. 
9. 
10. 
11. 
Inspect AMU 
Inspect battery cases 
Verify RCS shut-off handles stowed 
Unstow attitude controller arm and check 
attitude controller 
1 2 . E xtend and lo wer controller a r m to full down 
position 
13. Unstow translation controller arm and check 
translation controller 
14. E xtend and lower c ontroller a rm to full down 
position 
15. Unstow restraint harness, oxygen hose and 
electrical umbilical 
16. Attach the following items in or·der to velcro 
17. 
18. 
19. 
20. 
on controller arms 
ra) oxygen hose 
(b) restraint harness 
(c) electrical umbilical 
Read N 2 pressure 
Open N 2 valve 
Open °2 valve 
Read 02 ",nd N 2 pressures 
21 . Mcde seledoc sw;'tc h - m3.llual 
22 . Verify vox sw:tch-vo.x: 
23 . Release nozzle extensions 
24 . M a in power switch -on 
25 . H 2 02 T/M selector switch-backpack up 
26 . Turn left 180 0 and don AMU 
27. Position tether to avoid entangiement 
28. 
29. 
30. 
Verify s / c PWR light goes off 
Verify availability of AMU electrical umbilical 
and change-over from s/c 
Test warning lights and audio tone 
31. Read H 2 02 quantity 
32. Connect and tigh ten res traint 
TABLE Dr 
GEMINI IX WATER IMMERSION TASK SEQUENCE 
I:-" 
W 
TABLE Y GEMINI IX WATER SIMULATION DATA ANALYSIS 
TASK 
Pos iti on ing / Re straint 
Work Station Preparation 
Pos ition ing / R estraint 
Work Station Preparation 
Positioning / Restraint 
Work Station Preparation 
C ommunications 
P ositioning/ Restraint 
Positioning / Restraint 
Conr.ect Black Tether Jumpe r 
Hook to AMU Tether R ing 
Communications 
Unstow Tether Bag 
Connect Both Orange AMU 
Tether Hooks to Ring on 
Umbilical Tether 
Pos iti on ing / Re straint 
Inspect AMU and Battery Cases 
Verify RCS Shut Olf H3Jldles 
Stowed 
Positioning / Restraint 
SUBTASI( 
Pull umbilical taut and insert 
in handbar clip 
Unstow left mirror 
Position from left to right 
side of work station to deploy 
right mirr or 
Unstow right mirror 
Position back into foot 
re straints after mirror task 
Unsto w penlights 
R e positioning umbilical in 
clip 
Repositioning feet in stirrups 
Reposition tether bag 
Reposition feet in stirrups 
Page I of 3 
TIME 
INTERVAL 
(Seconds) 
5.5 
48 . 4 
7.8 
12 . 5 
22 . 2 
41 . 6 
11. 8 
9.3 
8.4 
25 . 6 
8.7 
23.0 
86.1 
13.1 
38.1 
33.4 
17.0 
ENVIRONMENTAL RESEARCH ASSOCIATES 
cor,~MENTS 
Instructions from C. C. 
c..:I 
.l>o-
TABLE yo Cont'd. Page 2 of 3 
TASK 
Unstow Attitude Controller Arm 
and Check Attitude Controller 
Communications 
Unstow Translation C ontroller 
Arm and Check Translation 
Controller 
Communications 
Unstow and Attach 02 Hose to 
Velcro on Controller :Arm 
Positioning / Restraint 
Unstow and Attach Electrical 
Umbilical to Velcro on Control-
ler Arm 
Communications 
Positioning/ Restraint 
Read N2 Pressure 
Positioning / Restraint 
Unscheduled 
Positioning / Restraint 
Open N 2 Valve 
Open 0,2 Valve 
SUBTASI( 
Body positioning of feet in 
restraints 
Body positioning 
Maneuver to left side of AMU 
I I Body positioning 
t 
Pilot reaches around left side 
of AMU 
TlI\1E 
INTERVAL 
(Seconds) 
2 7.5 
6.6 
66 .4 
6 . 9 
31.3 
36.5 
24.5 
25.0 
6.9 
8.4 
10.8 
3.6 
6.9 
15.6 
53.2 
ENVIRONMENTAL RESEARCH ASSOCIATES 
COMMENTS 
Extend and lower controller arm to full down 
position 
Extend and lower controller arm to full down 
position 
Pilot repositions his feet in restraints because his 
body movements degrade his foot restraint position 
during each task that involves reaching or bending 
Pilot also appears to be resting here. 
Pilot removes feet from foot stirrups prior to 
maneuvering over to read N2 proessure. 
Pilot returns to foot stirrups after reading N 2 
pressure 
Pilot pauses to remove debris from front of his 
work area (floating velcro strips) 
Pilot readjusts penlight on left hand bar 
Feet in restraints at beginning of this task but 
during task both feet come free of restraints 
t..:l 
CJ1 
TABLE Jr Cont'd. 
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TASK 
Read 02 and N2 P ressures 
Positioning / Restraint 
Switch Mode Selector Switch 
to Manual and Verify Vox 
Switch on Vox 
Pos itioning / Restraint 
Release J:-.,-ozzle Extensions 
Pos itioning / aestraint 
Communications 
N ,202 TIM Selector Switch 
S w itched to Backpack Position 
Unscheduled 
Work Station Preparation 
Turn Left 180 0 
Don AMU 
Positioning / Restraint 
Ve rify A vailibility of AMU 
Electrical Umbilical and Change 
Over From Spacecraft to AMU 
Fower 
Connect and Tighten Restraint 
SUBTASl( 
• 
Position back into stirrups 
Positioning on handbars and 
regaining feet position in 
restraints 
R epos itioning feet in restraints 
Equipment p ositioning 
TI~1E 
INTERVAL 
(Seconds) 
14.0 
16.2 
22.5 
23.3 
15.1 
15 . 7 
18. 8 
2 .1 
184 .4 
9 . 1 
26.9 
18.1 
46.5 
120.8 
37.7 
ENVIRONMENTAL RESEARCH ASSOCIATES 
COMMENTS 
Pilot pauses for an air bottle change (surface) 
Pilot positions his umbilical and mirror prior to 
180 0 turn into AMU (safety precaution) 
Pilot backs into backpack 
Pilot positions his mirrors to check his position 
in AMU 
Decision made at this point in GT-9 flight to abort 
task 
C-" 
0) 
TABLE 1ZI 
THE EFFECT OF RESTRAINTS ON AMU DONNING 
Subtask Time : second 
Subtask Foot Foot No Restraints Stirrups Restraints 
Umbilical In Clip 63.9 5.5 S7.0 
Unstow 8 Position Mirrors 132.5 6S.7 66 .0 
Penlights 59.4 41.6 43.4 
Connect Tether Jumper 24.5 25.6 25.0 
I 
Unstow Tether Bag 106.5 117.8 87.0 i 
I 
I 
AMU Inspection IIS.S 71.5 35.0 
Unstow Left Controller 29.5 27.5 IS.O , 
I 
Unstow Right Controll er 72.3 73.3 49 .0 
Unstow a Velcro Electrical a O2 Connectors 77.6 55.S 21.0 
4 
180 0 Turn 274.6 73.4 120.0 
Connect - Tighten Restraints 103.7 158.5 148.6 
TABLE3ZII 
QUALITATIVE EVALUATION OF THE EFFECT OF 
FOOT RESTRAINTS ON THE AMU DONNING TASK 
EFFECT OF 
SUBTASK FOOT RESTRAINTS 
UMBILICAL IN CLIP + 
UNSTOW LEFT MIRROR 
REPOSITION 
UNSTOW RIGHT MIRROR 
UNSTOW PENLIGHTS 
UNSTOW TETHER BAG 
TETHER HOOK ACTIVATION + 
AMU INSPECTION 
UNSTOW RIGHT ARM + 
UNSTOW LEFT ARM + 
OPEN N2 AND O2 VALVES 
READ PRESSURE GAGES 
UNSTOW RESTRAINT BELT + 
TURNAROUND 
+AIDED - DETERED 
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t.o:) 
00 
TABLE :mII GEMINI D. (I) WATER SIMULATION DATA ANALYSIS 
TASK SUBTASK 
Install E VA Camera in Adaptezj 1. Secure from cockpit 
Move To Adapter 
Retrie v e and R eplace EVA 
Camera 
HHMU QD Connect 
2. Mount camera 
1. Egress hatch 
2. Mo ve along handrail to 
pigtail 
3. Insert umbilical in pigtail 
1 . Egress hatch 
2. Remove camera from 
adapter socket 
3. Place in cockpit 
4. Film load 
5. Return to adapter and 
replace camera 
1. Egress hatch 
2. Secure line and move 
along adapter handrail 
3. Position QD for connec': .!. 
tfon 
4. Connect QD 
Page I of 3 
TlA1E 
INTERVAL 
(Seconds) 
36 . 6 
166.9 
9 . 6 
43 .1 
32.5 
9 . 6 
1.7 
15.5 
60.0 
35.6 
9.6 
6.9 
7.6 
4.8 
ENVIRONMENTAL RESEARCH ASSOCIATES 
CO r.1Pt1ENTS 
W 
t&l 
TABLE JlIlI Cont'd. 
TASK 
AMU Donning-
XlI Configuration 
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SUBTASK 
1. Start with feet in stirrup~ 
to attach umbilical to left 
handbar 
2. Unstow and position 
mirrors 
3. Unstow penlights and 
velcro to handbars 
4. Connect black tether 
hook to AMU tether ring 
5. Unstow tether bag and 
connect tether hook to 
umbilical 
6. Velcro tether pag to 
left handbar 
7. Inspect. AMU 
8. Inspect ReS handles 
9. Unstow left controller 
arm 
10. Unstow right controller 
arm 
11. Unstow 3.1ld velcro oxy-
gyn hose 
12. Unstow and velcro 
restraint harness 
~3. Unstow and- velcro 
electrical connector 
14. Open nitrogen valve 
TIME 
INTERVAL 
(Seconds) 
63.9 
132.5 
59.4 
24.5 
106.5 
6.7 
62.9 
55.9 
29.5 
72.3 
34.1 
55.6 
43.5 
18.1 
ENVIRONMENTAL RESEARCH ASSOCIATES 
COM&1ENTS 
~ 
o 
TABLE ".. C ... ·d. 
TASK 
AMU Donning -
XII Co:-.figuration (cont) 
Agena - Spacecraft 
Tether Connection 
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SUBTASK 
15 . Remove and discard 
oxygen valve tie-down 
16 , Open oxygen valve 
17. Actuate MODE I VOX 
switches 
18. Release thruster 
nozzles 
19. Turn 180 0 and back 
into AMU 
20. Attach electrical con-
nector I oxygen hose 
and restraint harness 
1. 
2. 
3. 
4. 
5. 
Egress hatch and posi-
tion EVA camera 
Translate along space-
craft to docking bar . 
Grasp Agena tether 
Clamp tether to docking 
bar 
Mount mirror on docking 
bar 
TIME 
INTERVAL 
(Seconds) 
28.1 
28 . 7 
24.0 
27.0 
219.0 
103.7 
51.1 
61.6 
31. 0 
92.8 
40.3 
£NVIIOIIMOOlll£SElICH ASSOCIATES 
COMMENTS 
~ 
~ 
TABLE IX GEMINI:JI 
TASK 
Sequence 1 
Seq uence 2 
Sequence 3 
WATER SIMULATION DATA ANALYSIS 
SUBTASK 
1. Standing in hatch 
2. Position propellant line 
back to propellant valve 
Route under handrail 
]. Install E V camera in 
adapter mount. Face 
camera forward 
4 . Mount Hasselblad on 
ELSS 
1 . Move to spacecraft nose 
2. Unstow spacecraft end of 
Agena tether 
3. Loop end over docking 
bar 
4. Unstow tether clamp ar. .:i 
install on docking bar 
5. Tighten clamp 
6. Remove and jettison 
clamp handle 
7. Install docking bar 
mirror 
8. Return to cockpit 
1. Remove EVA camera for 
film change 
2. Remount E VA camera 
facing D-16 area 
3. Plug in HHMU propellant I 
fitting 
PaOI I of 5 ENVIRONMENTAL RESEARCH ASSOCIATES 
TIP.lE 1 INTERVAL 
(Seconds) 
224.6 
84.2 
264.2 
75.8 
10.9 
27.9 
39.2 
21. 7 
59.6 
25.8 
COr.~P.1WTS 
Subject drifts out of s p acecr aft during this 
maneuver 
Subject has extreme d iffic ulty m o unting camera 
Subject is out of spacecraft hatch when he begins 
translating forward 
Film segment ends as pilot reaches spacecraft 
nose. Possibje time error. 
Subtask omitted in simulation due to low mockup 
fidelity 
" 
" 
" 
" 
. Subject comments /I N o problem /.t installing mirror 
~ 
I:\:) 
TABLE :rr Cont'd . 
TASK 
Sequence 4 1. 
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SUI:lTl.st{ 
Perform D-16 Experi-
ment 
A. 
B. 
Grasp handrail and 
position self for knee 
tether attachment 
Attach rt. knee 
tether to handrail 
C. Grasp tool box 
handle, release lock 
and extend toolbox 
until positive lock is 
engaged 
D. 
E. 
F. 
G. 
H. 
Open tool box, 
extend power tool 
handle, check it. 
sw to forward and 
tool in impact mode 
Grasp power too!, 
tighten instrumented 
bolt for five (5) 
seconds 
Unscrew in succes-
sion four (4) work-
site bolts 
Stow power tool, 
turn over worksite 
plate and hand-start 
three (J) bolts 
Unstow power tool, 
reverse sw and 
tighten bolts 
TlM~ 
INTERVAL 
(Seconds) 
11.7 
19.8 
48 . 7 
12.9 
61. 6 
85.0 
40.0 
ENVIRONMENTAL RESEARCtJ ASSOCIATES 
cor.~r:'(f~TS 
Hasselblad carried to D-16 area because of 10 w 
fidelity mockup characteristics. Unit could not 
be detached from chest pack. 
Stowage clip not evaluated because of size of 
neutrally buoyant gun. Pilot comments " cannot 
see clip when knee tethered" 
Subject comments "trigger force way too high • •• 
hand cramps due to force required. " 
~ 
c,.., 
TABLE IX Cont -d. 
lAS\( 
Sequence 4. (cont) 
Sequence 5 
\2. 
3. 
4. 
15. 
I 
I 
16. 
7. 
1. 
2. 
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I. 
J. 
K. 
L. 
M. 
SUGn.Slt 
Stow power tool on 
lid and remove 
hand tool 
Tighten instrumented 
bolt fo r five (5) 
seconds and then 
loosen bolt 
Stow hand tool in 
tool box 
Detach knee tether 
from handrail 
Remove power tool, 
check it on, and 
tool in impact mode 
Remove E VA camera 
for film change 
Remount E VA camera 
facing aft 
Evaluate handrails 
Remove EVA camera 
for film change 
Remount EVA camera 
facing forward 
Move to adapter 
Insert umbilical into 
adapter guard 
Photograph adapter 
TII.1E 
INTEriVAl 
(Seconds) 
53.3 
4 . 29 
95.8 
68.7 
9.6 
14.6 
36.9 
ENVIRON",EHlAl RESEARCtJ ASSOCIATES 
cor.~r.IWTS 
Subtask omitted in simulation. Power tool could 
not be stowed because of size requirements for 
neutral buoyancy. 
Subtask omitted in simulation. 
" 
Subject stops test during this subtask because of 
excessive work loads and overall inability to 
complete task " due to low mockup fidelity (negative 
buoyancy of power tool). 
Subtask omitted in simulation 
Subtask omitted in simulation 
" 
Subject uses pigtail for body positioning 
"'" 
"'" 
TABLE JJ: Cont'd. 
TASK 
Sequence 5 (cont) 
Sequence 6 
Page 4 of 5 
S-UtlTt.SIl 
3 . Clear a d apter of debris 
4. Attach restraint system 
5 . Open tunnel door and 
velcro in place 
6 . Unstow HHMU N2 line 
7 . Connect HHMU to N2 
line 
8. Unstow HHMU and 
v elcro to E LSS 
9 . Attach c amera lanyard 
to ELSS ring 
~o. R emove camera pip-pin 
~1. Unstow .Apollo cameras 
and velcro to E LSS 
~2. C lose tunnel doo~ 
'
3. Remove umbilical from 
guide 
~4. Open N 2 valve on adapter 
1. Move to cockpit 
2. Hand cameras from 
ELSS 
3. Mount retro adapter 
camera facing forward 
TIm: 
1~'TEIiVAL 
(Seconds) 
10.4 
26.3 
7.1 
35.0 
16.7 
94.2 
42.1 
4.8 
2.9 
16.9 
167.9 
34.1 
ENVIRONMENTAL RESEARCH ASSOCIATES 
CGr.~r;,(lJrs 
Subtask omitted in simulation. 
Subject unable to fully evaluate fbot relStraints due 
to improper fit (under size restraints). 
Subtask omitted in simulation 
" 
Revelcro curtain 
Subject comments that mirror was used to 
advantage in checking chestpack, umbilical and 
feet. 
"'" CJl 
TABLE IX. Cont'd. 
TASK 
Sequence 7 
Sequence 8 
, 
1. 
2. 
1. 
2. 
3. 
4. 
5. 
1
6
. 
I 
Page 5 of 5 ENVIRONMENTAL RESEARCtl ASSOCIATES 
SUBTASK TIP.1E cor.~r:.EUTS INTEl2VAL 
(Seconds) 
Move to nose of sic 40.7 
Jettison docking bar 5 .1 
mirror 
Return to adapter 97.9 
Turn off " N 2" shut-off 2.9 
valve 
Bleed off propellant in 14.4 
HHMU with shori thrust 
while holding on to the 
adapter handrails 
Unplug the HHMU pro- 2.0 
pellant fitting 
Move tow3rd hatch 41.0 
Retrieve E V camera and 18.2 
hand to cmd. pilot 
End of film I 
(disconnect electrical and 
control cable from 
camera first) 
F iQure 4 - I GEMINI X MOCKUP CONFIGURATION figure 4 - 2 
GEMINI Dr MOCKUP CONFIGURATION 
FiQure 4 - 3 ASTRONAUT CERNAN AT UMBILICAL PIGTAIL 
" Q'" • - . AST~ONAUT CER NAN UNSTOWING AMU CONTROLLE R 
AREA ARMS 
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FIgure 4 -5 ASTRONAUT IN FOOT STIRRUP RESTRAINT SYSTEM FiQure 4 - 6 SUBJECT USING NEUTRALLY BUOYANT TORQUE LESS 
POWER TOOL 
FiQur e 4 -7 D - 16 EXPERIMENT STOWAGE AREA FiQure 4 - 8 RETRO ADAPTER CAMERA INSTALLATION 
47 
flour. 4 -9 MOVEMENT SEQUENCE fROM SPACECRAft HATCH 
TO AGENA 
48 
GEMINI XJ 
UMBILICAL EVA 
MOVE TO NOSE OF SCI ,TETHER CONNECTED 
CAMERA MOUNTED -+ ~r I RETURN TO COCKPIT ~ rCHANGING FILM 
190 OPEN rlNGRESS 
rHA TCH rCLOSE HEART 170 +1 HATCH 
RA TE, 
BEATS 150 
/MIN 
130 
RA TE 20 90 
RESPIRA_40t 110 
TION 
BREA THS / MIN 0 70 L...-.-_--L------L---'-------l..----L------l 
o 10 20 30 40 50 60 
ELAPSED TIME, MIN 
Figure 4 - 10 GEMINI XI HEART AND RESPIRATION RATE FOR 
THE ORBITAL EVA 
49 
Figu.. 4 - 11 AGENA TETHER TASK IN ORBIT 
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F' Qu r . 4 -12 SIMULATED AGE... TETHER TASK 
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FiQure 4 -1 3 D - 16 EX PERIMENT HAROWARE 
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FiQute 4_ 14 WATER SI MULATION OF 0 -16 EXPERIMENT 
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5.0-GEMINI XlI 
5 ; 1 GENERAL 
Gemini XlI Orbital Mission Data - Data received from the standup and 
umbilical E VA periods of the Gemini XlI flight include a transcript of 
the continuous onboard voice record and ten separate film sequences 
totalling approximately 16. 5 minutes out of the one hundred twenty six 
minutes of umbilical EVA. This includes a 1 , 5 minute segment from 
the first standup EVA. There was no film coverage of work in the 
Adapter Section due to the failure of the portable camera. Conse-
quently, all flight film relates to work on the spacedraft nose or at the 
Agena work station. 
The onbosrd voice record, therefore, forms the only complete record 
of the GT-XII umbilical EVA. The only dificiencies in this record 
are due to time losses related to tape changes . Where possible, the 
flight film was compared with the voice transcript and these tape change 
intervals were determined. 
The first iteration of the ttme line from the voice record of the flight 
was made from the transcript of the original onboard tapes. This was 
supplemented by analysis of the actual onboard tapes by ERA personnel. 
Analysis of the tapes in conjunction with continuous comparison of the 
voice tapes from the preflight water immersion simulation made if poss-
ible to fill in all time line "gaps u. 
The lack of continuous flight film and the original discrepancies in the 
flight voice transcript, made it necessary to use the preflight simulation 
as the base line of information from whirib to construct the first itera-
tion flight time line 0 This analysis requz'red a complete understanding of 
the movement and activities of the pilot during the simulations in order 
to visualize consistent performance in space. Applying this knowledge 
to the voice record and the film sequences from space, an overall 
picture of the actual umbilical E VA was constructed. Information 
from the two complete preflight simulation runs and from the partial 
postflight evaluation run aided immeasurably in the rationalization of 
discrepancies between the original iterations of flight and preflight and 
basic flight plan data. 
Altho1:lgh a flight plan was used to coordinate the EVA wo.rk and rest 
periods during the preflight simulation tasks, the actual written plan 
did not serve as the basis for the time line comparisons . In effect, 
the entire final preflight simulation time line became the flight plan. 
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Flight Film Sequences - Although the visual quality of the GT-XII 111-
flight Rlms was excellent, the perspective from which the film was 
taken in combination with the shadowing effects in space made detailed 
analysis of the flight film very difficult. In many instances critz"cal task 
element took place completely in shadow, therefore making detailed 
visual analysis impossible. Analysis of specific body movements, es-
pecially for the arm and hands is not possible in at least 50% of the 
film. Even gross task identification proved difficult in some parts of 
the film, and was resolved by repeated viewing and comparison with 
similar preflight simulation films. Detailed comparison of individual 
tasks were, however, made on a frame by frame basis. The hand-
rail erection is the most readily identified sequence. This sequence 
was not part of the umbilical E VA but was performed in a prior seg-
ment of the standup EVA. The second sequence, movement from the 
hatch area to the spacecraft nose and TDA interface, is also easily 
identified and analyzed. Subsequent task sequences can only be idenU-
fied when a thorough acquaintance with the particular tasks is obtained. 
A second movement sequence, from the spacecraft hatch to the Agen~ 
work station (after adapter work session), is the only other readily 
identifiable sequence. 
It should be noted that the camera position in space does not correL 
spond with camera positions in the water or aircraft simulations. il'hlll 
fact contributes to the difficulty of direct comparison of the flight film 
tasks. Water immersion simulation films take advantage of optimum 
camera location for task analysis e. g., perpendicular to the space-
craft longitUdinal axis. The portable E VA camera was located on a 
semi-fixed connector on the spacecraft retro-adapter section near the 
retro separation plane during the flight. This position could be readz'ly 
reached by the pilot standing in the spacecraft hatch. The camera was 
aligned parallel with the longitudinal axis of the spacecraft allowing 
coverage of astronaut movement forward of the retro-adapter. Thus 
the basic difference is a 90 0 axis variation in camera positions be-
tween the water and space films. Also, for the water immersion 
simulation the camera is, in effect, looking down on the primary vehiole 
working areas from above the astronaut. By rotating the axis of perT" 
spective it was determined that body positions and movements in the 
simulation and in the actual flight corresponded very closely. 
The initial movement from the spacecraft hatch along the portable 
handrail is an example of the similarity of motion between the space 
and water. Astronaut Aldrin performed a 180 0 turnaround on the 
handrail at the end of this movement. The flight film shows this turn-
around to be in the opposite direction. Mlen comparing the sequences 
from beginning to end of this initial translation, the movements appear 
to be almost identical in both time and body position. The water simu-
lation turnaround made in the opposite direction appears as a mirror 
image of the actual flight turnaround. Figure 5-1 ,a comparative 
sequence of the flight, water, and aircraft modes, demonstrates in 
greater detail the similarity in these movement sequences. 
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The major advantage derived from analysis of the film was the capa-r 
bility to compare the kinematics of the tasks with similar film records 
from the water immersion simulation. This comparison had aided in 
determining the correlation of water immersion simulation to the space 
performance. 
Water Simulation - Prior to the Gemini XlI mission water immersion 
simulation runs of the umbilical E VA tasks were performed at the 
Environmental Research Associates water simulation facility. The 
purposes of this simulation were : (1) to provide the E VA astronaut 
with a continuous real time training and (2) to organize and validate 
the final flight time line plan. 
A continuous film and voice record was made of the last two preflight 
simulation runs. These final runs, subsequently referred to as Pre-
flight I and Preflight 1I, were intended to be accurate rehearsals of 
the actual orbital E VA mission plan. After the Gemini XlI mission, 
Astronaut Aldrin returned to ERA to perform a postflight evaluation 
of his EVA. Continuous film and voice records were made of this 
postflight run. The postflight evaluation run permitted the astronaut to 
investigcte certain of the tasks in more detail than was allowed in 
space due to time constraints. Further, the astronaut evaluated sev-
eral other closely related tasks which were not included in the GT-JaI 
task line. 
Although complete film and voice records were made on the Gemini XJr 
preflight water immersion simulations, the films were edited prior to 
analysis. The loss of this edited portion complicated the film analysis 
and comparison. To reconstruct the complete time line, the voice 
transcript was compared to the film in order to identify the areas w.qe.{'e 
film editing occurred. Tape change intervals did not affect this time 
line comparison since they did not normally coincide with film breaks. 
Table X details the results of this preflight film -voice comparison. 
In this final iteration all legitimately identified time losses are included, 
and suspected time discrepancies are noted. 
At times the astronaut's body position restricted view of his hands 
while working on a work station task. No serious problems in task 
interpretation were encountered during film analysis, however. 
Body/camera position conflicts mentioned above degraded the visual 
analysis of the 'fine" hand movements and operations associated with 
the work station tasks. A synchronized voice transcript was used to 
interpret questionable areas. 
Task performance does not precisely coincide with its verbal descrip-
tion. This was true throughout the G T-XlI preflight simulations. 
Prime examples were .the scheduled rest periods, wherein the astro-
naut would complete previous work tasks while commenting that he was 
resting. Because of this, film and voice time lines were constructed 
indepen dently. The time variations between film and voice data in the 
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successive iterations, in general, support the rationale for data sep .. 
aration for initial iterations. Since the film was used as the true indI-
cator of task time duration, discrepancies were reconciled in the final 
iteration time line with the data from the voice record serving mainly 
to provide continuity and fine level details. 
Figure 5-2 is a continuous pictorial sequence of the simulation time 
line including the handrail erection sequence of the EVA. This task 
was included in the water immersion simulation to serve as a stan-
dardized reference point and to provide an extra measure of practice 
for the astronaut. 
In order that a high fidelity simulation be maintained, the handrail 
erection task waS performed separate from the umbilical EVA time 
line. The pilot, standing in the hatch, deployed the handrail, marking 
the start and finish of this task on the voice tape. At the end of this 
task the command pilot initiated the start of the umbilical E VA time 
line. The umbilical E VA simulation commenced with the standup famil-
iarization task. 
Aircraft Zero Gravity Simulation - A limited portion of the work per-
formed during aircraft zero gravity simulation program on the Gemini XII 
umbilical EVA has been supplied to ERA by NASA-MSC for pur-
poses of cross -correlation of simulation mode. These simulations 
were very useful in determining the fine hand task details such as the 
hook and ring connections, the waist tether connections, and operation~ 
involving velcro handhoUs and pip pins. The preflight redesign of the 
pip pins serves as a good example of the utility of the zero gravity 
aircraft simulation. Prior to aircraft evaluation the pip pins, Figure 5 ... 3 
were free to rotate in the sockets. The aircraft observers determined 
that if the pip pins were allowed to rotate freely, serious interactions 
with free tethers could occur. The update version employed an anti-
rotation pip pin design. Comparison of the available results of the air-
craft simulation with water immersion and space performance is made 
as applicable. 
General Configuration of the Umbilical EVA - The stated purpose of 
the tasks comprising the Gemini XlI umbilical E VA was to determine 
the effectiveness of various restraint modes on E VA performance. 
The specific nature of the tasks and the restraints related to future 
missions configurations such as AAP. Since Gemini XlI signified a 
temporary halt to EVA experimentation, the intent of the EVA was to 
yield answers to a broad as possible spectrum of representative future 
EVA tasks. 
Figure 5-1.;. is a functional flow diagram of the major task events of 
the Gemini XlI umbilical EVA. Although there were minor variations 
between the preflight simulation and the flight performance the major 
task sequence remained unchanged. Water immersion simulation was 
instituted to quantitatively determine the time line, to assess the levels 
of energy expenditure required to perform the time line and to specify 
the duration and frequency of rest periods in order to maintain energy 
expenditures at acceptable levels. 
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The initial task performed was standup familiarization. ThIs task was 
designed to further evaluate the free float tendencies experienced on 
GT-JX and to prepare the astronaut for the umbilical EVA. Inform a .. 
tion from previous EVA's suggested that a familiarization period hav-
ing minimum work levels could better introduce the astronaut to his 
new environment. The astronaut was also to evaluate the cooling ef-
fect of the E LSS at this tim~. The astronaut was then required to 
install and activate a 16 mm motion picture camera on the retro-
adapter prior to the Agena tether task. Several attachment modes 
would be evaluated; (1) attachment while standing in the spacecraft 
restrained by the command pilot, (2) attachment while standing in the 
spacecraft unrestrained, and (3) attachment while outside the hatch. 
Following the camera plac ement evaluation, the astronaut was to pro-
ceed down the handrail to the nose of the spacecraft, evaluating teth-
ered dynamics along the way. The astronaut was then to connect the 
Agena tether. This tether was a 100 foot long, 2 inch nylon web 
tether connected on one end to the Agena vehicle. The free end of 
the tether terminated in a multi-strand cable loop, which was to be 
manually attached to the docking bar by the astronaut during the EVA. 
The loop was locked onto the docking bar by the handhold clamp 
shown in Figure 5-5 The astronaut was to perform this task whilEt 
connected to the hand bar and docking lip by waist tethers. The 
Agena tether task was substantially the same as the one which proved 
so difficult on Gemini XI. The astronaut was to activate the S -01 0 
micrometeorite experiment from this position. This task was similar 
to that described in the previous discussion of GT-X. 
The astronaut was then to move to the adapter and perform the adap-
ter work station tasks. The purpose of the work tasks was to evalu-
ate the effectiveness of the two restraz'nt modes in performing various 
subtasks. The subtasks included: (1) evaluation of two types of 
velcro (nylon, stainless steel), (2) operation of various electrical and 
fluid quick disconnects, (3) evaluation of cutting type tasks and (4) 
performance and evaluation of torquing operations. While in the adap-
ter the astronaut was also to evaluate suit mobility characteristics. 
The astronaut was then to proceed to the Agena work station to per-
form a series of similar tasks evaluating tethered versus untethered 
,.estraint mode. The subtasks included: (1) fluid connector operation~ 
(:2) evaluation of portable velcro handholds and pip pin restraint an-
chors' and (3) evaluation of the Apollo torque wrench and torquing 
capability. 
Interspersed throughout the time line were a number of camera acti-
vation and film changes as well as eleven, two-minute duration rest 
periods. Following 'the Agena work tasks the astronaut was to re-
turn to the hatch and ingress, ending the umbilical EVA. The per-
formance in space and the simulatz'ons closely followed this format with 
only minor changes. The following sections detail the performance in 
space as well as in the simulations. 
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5.2. - TIME LINE COMPARISON - A detailed analysis of the orbi-
tal and simulation time lines was performed to determine areas of simi ... 
larity and dissimilarity in task time and astronaut motion. Tables X, 
XI, and XII present the results of the final iteration of the time lines 
for the water immersion simulation, the flight and the aircraft simula-
tion, and details the task performance times and the task description. 
Specific comments are made to indicate anomalies or pertinent obser-
vations. Sequences of selected tasks are given in Figure 5-1, com-
paring the flight, water simulation, and aircraft simulation on a five 
second increment basis. Figure 5-2, a continuous sequence of the 
XII time line for the water simulation and Figure 5-6, a continuous 
sequence of the flight,care presented for reference purposes. The se-
quences ;coJ!lprise pictures on a 30 second increment basis. Figure 5-7 
is a similar sequence of the available fUm from the zero gravity air-
craft simulation. 
Handrail Deployment - Handrail deployment was not an element of the 
umbilical E VA. This task was performed during the first standup 
E VA period. Since underwater simulation presented an excellent mode 
to evaluate this task, and because the success of handraU erection waf> 
considered critical to the overall umbilical E VA, a handrail erection 
sequence was performed at the beginning of each preflight water simu-
lation film. A comparative film sequence is shown in Figure 5-1. The 
flight sequence is shown in the upper line. Directly below this is the 
sequence from the water immersion and zero gravity aircraft simula-
tion runs. 
Astronaut Aldrin began handrail deployment at an elapsed time (GE T) 
of 20:27:14, immediately following the adapter handraU deployment. 
The erection task lasted 115 seconds. The same task perforPled in 
the water simulation lasted 145 seconds. The motions in both modes 
were very similar. The time difference is attributed to difficulties in 
deploying the telescoping sections of the handrail in the water simulation. 
Since the handrail task duration exceeded the time duration of one para-
bola in the zero gravity aircraft (approximately 30 seconds), it is dif-
ficult to compare aircraft simulation data. An interruption in the task 
is noted on the original film. The total task time for handrail erection 
in the zero gravity aircraft appears to be 40 seconds. This follows 
the normal pattern zero gravity task performance in aircraft versus 
water simulation. It was found that in most cases the task time tends 
to be markedly decreased in aircraft simulation over actual performam;ff; 
or water simulation. This may be due to the psychological factor that 
a zero gravity parabola gives only limited time to accomplish a task. 
The more familiar a subject is with this simulation mode, the less this 
factor tends to be a problem with proper task planning. Pilot Aldrin 
comITlented that the handrail erection was "quite easy" in both simula-
tion modes and was equally easy in flight. In a postflight debriefing, 
Aldrin described his movements in performing this erection task in 
orbit. 
Standup Familiarization - The first major umbilical E VA task was 
standup familiarization. The object of this task was to give the pilot 
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time to adjust to his new 
during this familiarization 
small physical exertion. 
could therefore be used 
umbilical E VA mode. 
environment. The only work tasks schedu/eq 
were subjective evaluations, which required 
The majority of the time during this task 
by the astronaut in "getting the feel" of the 
The previous standup E VA had provided Pilot Aldrin with an excel-
lent introduction to the E VA environment. Aldrin commented on the 
usefulness of this first standup E VA in a postflight debriefing. 
Aldrin - "I was quite thankful that we did have the standup 
E VA first because it gave me an opportunity to see just how 
small the forces were that were required to get the body mov-
ing. I'm sure also that having this standup EVA first, with its 
smaller priority than the umbilical E VA, tended to have slightly 
lower psychological effect if there really was any in terms of 
effecting any mental tension or something that might have impaired 
the activity or changed heart rates •• • ' 
" I'm glad that we did that one first instead of the othf=r one. 
It put me in much better shape because then I could devote all 
my attention to the particulars of the umbilical E VA when that 
came up ... /I 
A short umbilical attached directly to the suit intaXe system was utilized 
during the standup EVA. This effectively tethered the pilot t o the 
spacecraft cockpit and limited his movements. The long umbilical 
changed the pilot's configuration considerably. His overall volume in-
creased with the addition of the chestpack (ELSS), and his freedom 
of movement was extended to the length of umbilical. Because of 
these variations, it was felt that another familiarization period was 
necessary to allow the pilot to orient himself to this new configuration. 
Standup familiarization apparently accomplished this objective. All indi-
cations show that Astronaut Aldrin was both physically and psycholog-
ically prepared as he moved into the subsequent task line. 
Aldrin's orbital standup familiarization included an evaluation of free 
floating dynamics and ELSS outflow characteristics. The total task 
interval was 100 seconds. In his preflight water simulation, Aldrin 
'spent only 50 seconds on this same task. The majortty of this task 
time was utilized for the free floating dynamics evaluation, since the 
ELSS mockup in the water waS of low fidelity. 
Aldrin first attempted to release his hand grip and evaluate any re-
suIting forces. Regaining his hand hold position, the pilot attempted to 
change his positions with minor hand movements noting any particular 
forces involved. Aldrin's orbital dynamics evaluation was similar to 
his preflight evaluation, except that he did not have a command pilot in 
the water simulation to steady his position with the leg tether, Fig-
ure 5-8 TNbile the pilot evaluated free floating dynamics in orbit, 
the command pilot released his hold on the leg tether. 
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The ELSS outflow evaluation was a simulated maneuver in the water 
and, in effect, Aldrin passed over this subtask completely in the simu-
lation. This explains the difference in time between the orbital and 
simulation evaluations. No aircraft data on standup familiarization was 
available. In the postflight debriefing, Aldrin indicated that the dyna-
mics evaluations are not particularly suited for aircraft zero gravity 
simulation due to aircraft perturbations. 
Aldrin - "In the zero g a irplane, it is extremely difficult to at-
tain this pure zero g and we never really know whether we're 
working against a small perturbation in the aircraft trajectory or 
whether this is an actual response that we have. " 
Immediately following the standup familiarization period, the command 
pilot re quested that Aldrin rest. This procedure was a variation from 
the simulation time line. During the preflight simulation, the pilot began 
the retro-adapter camera placement immediately after his standup famil." 
iarization. The first two minute rest period was scheduled in the 
water simulation following the evaluation of the methods of camera place-
ment. 
Aldrin's first orbital EVA rest period lasted 52 seconds. He com-
mented that this rest did not seem necessary since no real activity had 
occurred during his familiarization period. At this point the rest periqd 
was cut short and the pilot began the camera placement evaluation. 
In the postflight debriefing, Command Pilot Lovell commented on this 
rest period and the overall rest schedule. 
Lovell - "Our time line for the umbilical E VA was based on the 
ones we have done in the water. We allowed eight minutes for 
the unlatching of the spacecraft hatch to the final jettisoning of the 
waste pouch, and the pilot getting up and outside the hatch by 
standing up. We were actually very conservative on the time 
and completed this prior to the eight minutes we allowed. It 
(the first rest period) was just too soon. The way we managed 
to hit the proper hatch opening time, and be ready at the same 
time, didn't allow us to sit around. We weren't rushed during 
the umbilical EVA preparation. Of course, the EVA was de-
signed to get the most out of basic E VA with rest periods to 
anticipate any problems which we might encounter. We took the 
rest periods as they came along, however, it was getting obvious 
to me that rest periods which we had allotted were either too 
long or too frequent. We managed to stay on the time line through-
out the entire umbilical EVA. " 
The first orbital rest period, elapsed time 1:52 (0: 00 elapsed time is 
set at the start of standup familiarization for comparative purposes), 
came before the elapsed time of the first scheduled rest period of the 
preflight simulation (I.;. :35). During the preflight simulation, the first 
rest period was interrupted by an optical surface evaluation. Aldrin 
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attempted to clean the command pilot's hatch window using a wiper 
cloth located in a pouch on his lower leg. The optical surface eval-
uation lasted 55 seconds p se.parating the two segments of the first 
60 second rest period. A s imilar optical surface evaluation, also 
lasting 55 seconds, was p erformed at an elapsed time of .112:15 in 
the orbital E VA. A possible reason for this change z'n schedule was 
the concern over adherence to the planned time line. The optical sur-
face task was considered of secondary importance and was placed 
near the end of the umbilical E VA time line so that it could be omitted, 
if the mission fell behind the time line schedule. 
Camera Placement Evaluation - Immediately following standup familiar-
ization in the simulation time line and following the first orbital rest 
period, Pilot Aldrin evaluated various placement techniques for the 
EVA 16 mm motion picture camera. During this camera placement 
evaluation task, Aldrin attempted to determine the best body configu-
ration for camera installation and positioning. Figures 5-9 and 5-10 
show two body positions evaluated during the preflight simulation. 
Aldrin describes the task in his postflight debriefing and comments on 
its purpose. 
Aldrin - "We had three different ways of mounting the camera. 
The first two were essentially the same as the standup EVA. 
I was really still inside the cockpit. The next one, I was com-
pletely out and switched over to having the right hand on the 
handrail and the left hand taking the camera off and then putting 
it back in. This was quite a different method of putting it in than 
the other two. It required the use of one hand and a little bit 
of torquing operation with that hand to get the camera into posi-
tion and put it on down. But, again, this didn't appear to be 
any real difficulty. The thing we are trying to find out is, in 
going back and forth putting the camera up and taking it down, 
did you want to go through the procedure of getting back in the 
hatch, as far as your feet go, and using the left hand on the 
seat to put the camera in, or could you do this in passing? 
Could you stop there and put it up? If you could, then you might 
be able to Save a little bit of time. " 
Comparison of the simulation and orbital data indicates that it did not 
matter whether the pilot was inside or outside of the spacecraft cockpit, 
or whether his legs were restrained or unrestrained. As long as a 
handhold could be maintained to counteract reactions created during 
camera attachment, the task was not difficult. 
Following camera placement evaluation, Pilot Aldrin began his second 
orbital rest period. At an elapsed time of 6:54, Aldrin is lagging the 
preflight water simulation time line by 139 seconds. The first rest 
and the longer standup familiarization and camera placement tasks ac-
count for this time lag. This second orbital rest period corresponds 
to the first rest period in the water simulation. 
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Aldrin positioned h is body out~ide th e spacecraft cockpit, and began 
this rest holding on w ith both h ands to the portable handrail. This 
was the same position used in the preflight water simulation. Fig-
ure 5-11 shows the position A ldrin ass umed in the water simulation. 
The pilot stated during this rest p eriod in orbit that he had to get pro-
per position and "hold onto som e thing" to rest. The same situation 
was noted during the preflight s imul ation. The first rest in the water 
simulation lasted 65 seconds and was interrupted by the optical surface 
evaluation. The second rest period in flight lasted 103 seconds. Th~ 
optical surface evaluation was pos tponed until much later in the flight. 
The original flight plan called for rest periods of two minute duration. 
Most rests in both orbital and preflight simulation modes did not attain 
this scheduled length. 
Before moving forward to the spacecraft nose, Pilot Aldrin extended 
the umbilical out of the cockp it. In orbit, Aldrin was assisted in this 
maneuver by his command pilot. The task was initiated at an elapsed 
time of 8:37, and required 65 seconds to complete. During the pre-
flight water simulation, Pilot Aldrin had to simulate the extension since 
the umbilical was already out of the cockpit. This was necessary be-
cause of the construction of the mockup umbilical and since the com-
mand pilot was not in the spacecraft mockup. The low fidelity of 
these important hardware elements caused the actual orbital task line 
to slip farther behind its mission time schedule. 
Movement to the TDA - Movement along the spacecraft began at 9:47 
(E T) in the flight. Aldrin's objective was to move from the hatch 
area up the portable handrail and position himself on the handrail at 
the spacecraft nose and Agena target docking adapter (TDA) inter-
face. The movement required 41 seconds. Figure 5-1 shows the 
comparison sequences of this movement for the flight and preflight 
water and aircraft simulations. The movement task in the preflight 
water simulation lasted 31 s e conds and 8.1 seconds in the aircraft 
simulation. This movement is equivalent to an average velocity of 
0.16 ft/sec for the flight, 0.22 ft/sec for the water simulation, and 
0.64 ft/ sec for the aircraft simulation. 
This particular movement task is very useful from the standpoint of 
motion analysis. All three modes yielded excellent film coverage as 
can be seen from the pictorial sequences. Aldrin made a 180 0 turn-
around during this forward translation. In his orbital E VA, Aldrin 
made this turnaround in the opposite direction from that of the pre-
flight training session. VV'hen viewing these films together, the two 
modes are kinematically identical. The small time differences between 
the water simulation and the flight performance are probably due to the 
astronaut's analytical evaluation of movement in space. The large dif~ 
ference between the aircarft translation time interval and both orbital 
and water modes substantiates the premise that many tasks are "hur-
ried" due to the zero gravity parabola time limitations. 
Rest Evaluation on Waist Tethers - The astronaut completed this for-
ward movement by attaching his waist tethers in preparation for a rest 
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period. The rlght waist tether was attached first to an attachment 
ring near the forward end of the handrail, Fig:J.re 5-12. The left 
waist tether was attached to one of the u-bolts on the docking cone, 
Figure 5-13 In orbit, Aldrin bega.n this tether placement at 10:35 
(E T) and both tethers wez'e attached 25 seconds later. The same 
maneuver in the preflight wate r simul ation began at 7: 01 (E T) and 
lasted 37 seconds. In the aircraft simulation, Aldrin attached both 
tethers to the u -bolts on the d o cking cone, beginning with the left waist 
tether. The tether attachment in the aircraft mode took 26.1+ seconds. 
In both the preflight and flight , the rest period began immediately after 
the waist tethers were attached. The object of this rest was to eval-
uate the effect of resting on tethers only. After attaching the tethers, 
the pilot released his hold on the handrail and ceased activity. 
Aldrin's observations on this evaluation are presented below. 
Aldrin - "The tethers didn't seem to jerk me back in at all. 
They just eventually assumed a natural position and I was drift-
ing very lightly, maybe in one direction, and then perhaps my 
foot would contact it and I would bound back a very sligbt amount. 
A very comfortable rest position. " 
The orbital rest period lasted 78 seconds, whereas the same rest 
period in the preflight water simulation was only 53 seconds. Aldrin 
again noted that he did not need a rest period at this point, since he 
felt no physical need to rest. Once he was satisfied with his tethered 
evaluation he terminated the remainder of his rest period. 
Agena Tether - After completing the rest evaluation in the water simu-
lation mode, Astronaut Aldrin repositioned his waist tethers in pre-
paration for the Agena tether task. This positioning operation required 
20 seconds of extra movement and thus extra energy expenditure. 
Aldrin used this simulation experienc e to his advantage in orbit. Pilot 
Aldrin intentionally spread the tethers apart to "give a little broader 
stance to go ahead and h ook up the Agena tether" in the flight. This 
eliminated the need for tether rep ositioning and streamlined the time 
line placing Aldrin in an ideal position for immediate activation of the 
Agena tether. 
'The Agena tether task consisted of two separate subtasks. First, the 
pilot installed a wire loop over the spacecraft docking bar. This wire 
was attached to a nylon tether to be used in a later experiment on 
gravity gradient stabilization. A slip -loop configuration allowed the 
pilot to tighten this wire on the bar and position it at any desired height. 
Figure 5-11+ shows the Agena tether configuration before it is deployed 
on the docking bar. The deployed position is shown in Figure 5-15. 
In the second part of the Agena tether task, the astronaut removed the 
docking bar clamp from its position on the TDA and installed the com-
bination cla.mp/handgrip on the docking bar. The function of this clamp 
was to hold the tether wire loop do wn on the bar preventing possible 
snagging of the Agena tether when the spacecraft and Agena parted 
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later in the mission. Although the docking bar waS also to serve as 
a handhold position, Pilot A ldrin later decided that the clamp was not 
operating properly, and discarded thi.s use so as not to jeopardize the 
subsequent tether experim e nt. The comparison sequences for the tether 
activation task are shown in Figure 5-1. 
Activation of the Agena tether began at an elapsed time of 12 : 23 in 
flight and lasted 14-0 seconds. In the water simulation, activation of 
the Agena tether began at 8 : 57 (E T) and took 100 seconds. The 
Agena tether activation required 4-0 seconds more in flight than the 
same task in the water simulation. This may be explained by three 
characteristics. First, after installing the docking bar clamp, the pilot 
removed a small two foot length retainer tether from this unit. This 
tether was not removed in the preflight water simulation. 8econd, 
Aldrin found the "toadstool" atop the docking bar loose when attaching 
the docking bar clamp in flight. He paused for a short time to eval-
uate this problem. No real delay was caused here, and the loose 
"toadstoo1" posed no serious problem. Thirdly, when Aldrin began 
the Agena tether task, both he and Command Pilot Lovell noticed that 
fast movement affected the Agena spacecraft stability. To eliminate 
this problem, the pilot deliberately slowed down his movements. This 
third factor probably accounts for the entire variation. The activation 
task required 35 seconds in the aircraft simulation. Because of the 
length of this task and the broken film sequences received from this 
simulation, it is difficult to determine an exact time interval. However, 
it can be seen in the film that this task appeared to be rushed during 
the aircraft simulation mode. 
8 - 010 - At the completion of the Agena tether task in flight, another 
change occurred. Before moving to the 8-010 experiment, Astro-
naut Aldrin began a rest period at 15:52 (E T). The third orbital 
rest period was the first to reach the full scheduled time duration of 
two minutes. The rest period lasted 127 seconds and was preceded 
by a 38 second rest preparation. During the preparation, Aldrin 
altered his tether placement so that he would be in the best position to 
immediately activate the 8-010 after his rest. In the preflight water 
simulation, Aldrin did not take this rest period. Following the Agena 
tether activation, the pilot moved immediately into position to activate the 
8-010 experiment at 12 :32 (ET). 
8 -01 0 activation was simulated in the water time line because of low 
fidelity mockup characteristics . Aldrin spent 55 seconds reaching the 
positions that he considered necessary for 8-010 activation. The in-
terval' however, was not realistic. The actual orbital 8-010 activa-
tion lasted 219 seconds. Aldrin experienced minor positioning difficulties, 
but no major problems occurred in his orbital activation. 
In Figure 5-16 , the 8-010 is seen fully deployed on the TDA. A 
comparison sequence of 8-010 activation in flight and in the water simu-
lation is presented in Figure 5-1 
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The addition of a rest period after the Agena tether task in the orbital 
EVA and the fact that the S-010 was simulated in the preflight water 
EVA caused further deviation from the planned time line. Upon oom-
pletion of the S -010 activation in flight, Aldrin repositioned h is tethers 
in preparation for the TDA work station setup task. The same tether 
repositioning task was performed in the preflight water simulation at 
13 :27 (E T). This repositioning task took 40 seconds in orbit. Dur-
tng thts ttme, he moved from the S -010 posttion on the Agena to the 
TDA work station area. At the end of the reposttioning task in the 
simu1atton, Aldrin removed the velcro protection covers from the work 
station area. This increase d the time required for preparation to 
75 seconds. 
TDA Work Station Preparation - Aldrin immediately began the initial 
portable handhold and pip pin placement in flight. The initial setup 
preparation took 66 seconds. Aldrin comments on the pur pose of this 
task in his debriefing. 
Aldrin - "Having done this I then moved around to make another 
ohange in the tether location, the purpose here being to deploy the 
portable handholds and to preposition them and locate pip pins on 
the work station so that we'd have that much more time left af-
ter the adapter work to make the complete evaluation of the work 
station. " 
The command pilot interrupted this inittal setup preparation, suggesttng 
that Aldrin begin his fourth orbital rest period, commenting that they 
were ahead of their time line. Aldrin elected to utilize this rest per-
iod to send messages to Houston. Following these messages Aldrin 
completed his rest period and his work station setup preparation. 
Aldrin's description of these tasks follows. 
Aldrtn - "We had time left during the statestde pass and I 
wanted to deploy the two flags that I had stowed in the portable 
handhold. It looked like in order to do this, in the way with 
least jeopardy, would be to do it before I pulled the pip pins out, 
instead of trying to take two hands to do it. So I pulled them 
out and said a few words about Veterans Day and said a few 
more words about the Army-Navy game. I took the Veteran's 
Day flB.{5 and tossed it in the breeze. I took the other flag and 
tucked it as tightly as I could in the right side of the E LSS, be-
tween where the hoses were between the ELSS and my chest. 
I then went about the task of deploying portable handholds. I 
took each pip pin out and in turn put it into a holder that I wasn't 
going to use with the portable handholds that were going to come 
up from the adapter. I chose free pip pin attachments. They 
were the ones that did not have stars. I wanted to then eval-
uate afterwards and compare a freely swinging pip pin as a hand-
hold with the ones that were rigidly mounted in the stars. I put 
the two portable handholds in the outboard position, both on the 
left and on the right leaving room for the others to go in the in-
board. I took the one remaining pip pin . at this time and put it 
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on the left side of the Agena a.s you face the Agena from the 
spacecraft, to get it out of the way for both the torquing opera-
tions and also so it wouldn't be in the center w hen the chest 
pack lights hit it. About th is time I received a call from Houston 
to slow down a little bit. It was perhaps just after the little 
blurt about Veteran's Day and before deploying a portable hand-
hold, as previously discussed in the medical briefing. I think 
that some of the reasons for the change in heart rate was the 
audience that I was addressing and I wanted to make sure that 
I didn't flub. There wasn't much of a rest period while I was 
deploying the portable handholds. I did pause there for a min-
ute and before I started back, I did get the word fro m Houston 
that the recovery was good which meant the return of the heart 
rate back down to normal. " 
The task time intervals for the work station preparation and the rest 
are given in Table XI The subsequent movement followed by a 
camera change, GL V strip retrieval, and a camera retrieval task 
shows no significant time variations between the orbital and water simu-
lation modes. In all cases orbital task times were slightly longer 
than the simulation, Table XIII. 
Aldrin - "I then started moving back along the handrail. I had 
to take the waist tethers off now, one at a time. I took the 
right one off and put it back on the E LSS. This time I took 
the left one and instead of attaching it to the folding bar with two 
rings on it, I stuck it with velcro on top of the chest pack. 
This bar that went across, I think waS less than optimum in de-
sign. I had some experiences in training with it coming off and 
I thought that I might just as well leave it loose and not bother 
using it and try using the velcro instead ••. " 
Prior to the movement from the spacecraft hatch, Aldrin extended ad-
ditional umbilical out of the spacecraft for the maneuver back to the 
adapter. In the simulation mode the umbilical was not stored in the 
spacecraft and extension was unnecessary. The movement to the ad-
apter took 12 seconds from the spacecraft hatch to adapter pigtail 'in 
flight. In the simulation this movement took 145 seconds. This time 
variation was caused by two interruptions in the simulation to position 
the "snaking" umbilical. A description of this motion in flight was 
given by Aldrin. 
Aldrin - "about that time, we fed out the remaining part of the 
umbilical. I stopped about this time to make sure that the um-
bilical looked like it was routed in the proper fashion and wasn't 
tangled around anything. It seems to me as I started moving 
along the handrail that the umbilical did start to snake... I star-
ted moving back from that position along the handrail going back 
right hand first so that the left side of me where the umbilical 
was attached, was trailing so that the umbilical was out behind 
me and moved back out toward the adapter toward the pigtail. 
As I got to the edge of the equipment adapter, I could see that 
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tbe loose primer cord tbat I bad noted during tbe first standup 
E VA was not as really loose in tbat tbere were not so many 
pieces around tbere to present any problem at all. I just for-
got about trying to pull any of tbat off. Witb my rigbt band I 
got a hold of the pigtail and made sure tbat it was secure and 
locked and wouldn't swing freely. From tbat position I pusbed a 
little bit to the rear of the spacecraft and made sort of a combin-. 
ation turning maneuver by pushing to tbe rear and then restrain-
ing myself from going furtber to tbe rear by bolding on tbe pig-
tail. Tbe net effect was to turn me around tbe corner. I 
turned around the corner and witb rigbt band ftrst, I got bold 
of tbe bandrail back in tbe adapter. I found myself in pretty 
good body position to get ready to tbread tbe umbilical tbrougb the 
pigtail. Around in this area it seems to me tbat I did bave to 
use a little bit of torque with one hand on the pigtail to push my 
feet down a little furtber because my bead was tending to float up 
at tbe time tbat I was going around the corner. " 
At tbis point in the time line tbe pilot experienced an interesting infor-
mation crossover from tbe simulation. Tbe original Gemini XII EVA 
mission plan was to evaluate the astronaut maneuvering unit (AMU). 
Aldrin was training for tbis mission wben tbe AMU configuration was 
cancelled. Tbe mission update included cbanges in tbe foot restraint 
position. When preparing to enter tbe adapter work station, Aldrin 
experienced a moment of disorientation. 
Aldrin - "I tben started moving toward positioning myself in foot 
restraints. I guess tbat one becomes so used to going from tbis 
position to the foot restraint directly as in the AMU operation tbat 
I looked down for tbe foot restraint and all I saw was a blank 
recess in tbe tbermal curtain wbere tbe AMU foot restraints 
were going to be. I tbougbt~ gee, wbat bappened to tbe foot 
restraints. I can't even see them. Tbey were up tbe otber 
way so I had to yaw around to tbe rigbt wbicb meant tbat my 
feet now were going about where the umbilical was coming through 
the pigtail. " 
Tbis empbasizes an important asset of tbe underwater training simula-
tion wbicb tbe astronaut commented on in tbe debriefing. 
Aldrin - "Tbere are two ways tbat you can go througb tbe um-
bilical ~ You eitber find yourself going tbrougb it headfirst and 
the umbilical would then be around you, or you ftnd that the um-
bilical is in front of your feet and you've got to step over it. 
Botb of tbese situations I bad experienced under water and bad 
been able to step tbrougb it by bolding on tbe umbilical and witb 
its own stiffness direct it with your hand away from your feet. 
It tends to move away as you can bend your legs a little and 
move tbem tbrougb. If it is tbe case of moving it over your 
head, wby tbat' s fairly easy to do also. Tben I moved so tbat 
I bad one band on botb of tbe bandrails and sort of lowering my 
body down into tbe foot restraints. " 
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Adapter Work Station Camera P lacement - The flight time line contin-
ued to lag behind the simulation tim e line. The pilot spent c onsiderable 
time trying to fix a broken Jinkag in the camera bracket p and in try-
ing to determine if the c amer a w as operating in flight. Th is required 
approximately 142 sec onds . C a m era p lacemen t in the s imulation took 
73 seconds. This task was fo l owe d in the .simulation by a period of 
neutral buoyancy adjustment. 
Rest - Aldrin rested for 111 s e conds after his rebalance break. This 
-;;as his fourth rest period in the underwater simulation. The rest 
period in flight lasted 57 seconds. Aldrin interrupted this fifth orbital 
rest period to begin the foot res traint evaluation. The task sequence 
varied from the simulation at this point. In flight, the astronaut placed 
the umbilical in the umbilical clip before his rest period c ommenting 
that it was more convenient at the t ime. In the simulation , the pilot 
spent 103 seconds prior to the foot restraint evaluation placing the um-
bilica1. Here again the simulation experience streamlined the astro-
naut flight performance. 
Foot Restraint Evaluation - The foot restraint evaluation took 2: 50 in 
flight. This was 83 seconds longer than the same evaluation in the 
water simulation. Astronaut Aldrin described the orbital foot restraint 
evaluation and its purpose in his debriefing. 
Aldrin - , At this point we went through an evaluation of the foot 
restraints as far as total mobility goes. What I really intended 
doing was to compare in a subjective way the amount of mobility 
that a person has with these foot restraints in comparison with 
things that I had experie nced both from the zero g airplane and 
under water. I did this by moving from the left over the right 
and standing myself up a little bit and back down bending my 
body down to get to the top and the bottom of the work station. 
I wanted to see just how well leaning back compared to under-
water operation and in the airplane. Up to this point, every-
thing was very, very similar in the way that the foot restraints 
allowed me to move my body around. Even in leaning back, it 
seemed as though I c ould do this quite well. I did note that 
there was a little bit more leg tension required to lean back to 
the same degree. That is, leaning back so that the axis of my 
back was essentially parallel to the spacecraft longitudinal axis. 
To hold this position required a fair amount of force on the legs. 
When I released this I gradually drifted back up. It is very 
easy to hold a neutral p o s it ion from 30 to 40 0 rolled from the 
foot restraints to roll r ight. You could also pitc h bac k about 40 
to 45 degrees with very little str ain oza force and you could turn 
your body somewhat to e a c h s ide. The real test of course comes 
when you start to do torquing type operations where you exert 
forces against the top of the boots. Th is is the prime purpose 
of them to keep you fr om floating away from them. I think both 
Gene and I decided in o ur training that the foot restraints, if they 
operated as they had in training p that they would enable a person 
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to do just about any task that he is able to do in 1 g. If we 
establish that this was in. fact true, then we would move on and 
do things on the waist tether. .I can say now that the best re-
straint system that we cava vel' seen for doing any E VA work 
is undoubtedly foot Z'e,~tJ:' ,~i.t2t~. We don 't want anyone to think 
that just because we've oncentrated on waist tethers that they 
are better. They are not. Foot restraints give you the best 
freedom of action. They give you the best restraint system for 
operating and a fairly wide I'egion with respect to the foot re-
straints. You can't move too far afield, just by the fact that 
they are fixed. I think if I had to compare foot restraints loca-
ted in a certain pIa e for an optimum work station with a waist 
tether hookup that was also located in an optimum fashion for 
that same work station I think that you have more freedom of 
action with the foot restraints. " 
Work Station Preparation - Following the foot restraint evaluation, 
Aldrin deployed the work statior. penlights and tried to activate 
the camera. These tasks took 38 and 40 seconds respectively in 
flight. The pilot began his sixth orbital rest period at this point. The 
rest lasted 2:09, and was followed by another attempt to activate the 
work station camera. This sec::ond activation attempt waS also unsuc-
cessful. 
In the simulation the foot restraint evaluation was followed immediately 
by the fifth rest period. The task sequences differed in the flight and 
simulation modes because Aldrin's simulation training allowed him to 
optimize his flight time line. The failure of the camera was an unex-
pected problem and caused further slippage in the time line. 
Adapter Work Tasks - Tables XIV and XV are detailed analyses of 
the adapter work tasks for the flight and the simulation. The first 
work task performed was torque evaluation. Difficulty in removing 
the torque wrench from its pouch caused the task to extend far past 
its scheduled time. The torquing operation was to be performed first 
on a 1/4"and then a 1/2"{jxed bolt shown on the bottom center of 
the adapter work station, Figure 5-17. The torque wrench was 
equipped with a visual readout gauge and could operate in both clock-
wise and counterclockwise directions. The astronaut evaluated torque 
operations first in clockwise and then in a counterclockwise mode at 
the 12, 3, 6, and 9 0 ' clock p sWons, commenting as he proceeded. 
The torque evaluation w as first p er.formed using the foot restraints 
only. In a subsequent period" he attached b th waist tethers and re-
e valuated the task. He noted no particular difficulty in exerting torque 
at any of the positions evaluat'ed in either flight or preflight modes. 
Aldrin describes this orbital t&sk in his debriefing. 
Aldrin - "Going to some of the tasks in the adapter, the pouch 
opened up rather easily; the wrench had a strap around the 
handle and it looked ike this wasn't velcroed in; that it was 
stitched in. Evidently there was a loop in this nylon strap that 
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was made just the right size for the handle to slide into. Well 
the heat must have gotten into this and shrunk it up because 
when I went to pull it out, it wasnlt about to come underneath 
this strap. I looked to see if it was velcroed and it didn't ap-
pear to be at all. Th is cost maybe a minute or so to try and 
figure out just how to get that out. I pulled just straight away 
on the wrench; it didnlt line up the way the strap was on it. 
It tended to be twisted which didnlt let it slide freely. So, I 
had to get two hands in there and pull in the area where the 
strap was and pull the wrench out, and it finally came loose. 
The wrench looked like it was in good shape, so I proceeded 
to the torquing operation, which consisted of looking at clockwise 
operation at four different places around the clock and then re-
verting to a counterclockwise operation. This was on the 
1/4- inch head bolt. I found that the second time I torqued the 
wrench up to what I f elt was a near maximum level without 
really straining myself; this was in the vicinity of 200 to 250 inch 
pounds, the wrench snapped in some fashion. But when I 
looked at the pointer, it was no longer zeroed. It was sitting 
at about the half-way point. I didnlt think it was particularly 
meaningful to evaluate any torque numbers that I was able to 
read out from that point on. I tried to just torque it around to 
reach about 180 degrees from where I started out. I figured 
that that was a near maximum torque. " 
The second task was an evaluation of an electrical connector. Three 
electrical connectors were available in the adapter work station; a 
starboard, aport, and a center connector. The starboard and port 
connectors were attached by a multi-strand cable. A center con-
nector separated the cable into two halves and required a two handed 
operation. The connection broke into units of approximately equal 
lengths and diameter. The two sections were mated by lining up col-
ored index marks and press fitting them into one unit. A lever on 
the left section was then manipulated to tighten and lock the unit. The 
disconnect procedure was the reverse of the connection operation. 
Aldrin commented that the center connector was slightly more difficult 
to line up than the others. This was accentuated on waist tethers 
when restrained by the foot restraints. Aldrin suggested the use of 
only one index mark painted with a light color to expedite the con-
nection. It became difficult to distinguish and match the multi -colored 
index marks on the connector in low light conditions in space . Using 
a light color such as white, and only one mark identification would be 
simplified. 
Aldrin - "The center connectorj there was no particular problem 
in doing that. I had to unpack the velcro first before I could 
get it free. It IS a two handed operation. With two hands and 
a good restraint system there is no problem at all in lining some-
thing up, because you hold it right in front of you, both ends 
were loose. That kind of an operation is very easy. Part of 
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that made it difficult was that once you had them lined up, and 
while they were still lined up and you were pushing them to-
gether, you had to find a finger somewhere or thumb that you 
could start turning this locking device that only had one pin that 
stood out on it. There ma.y be another way to do it. Maybe 
you could just grab a hold of that part right there and push it 
into the other one and turn it. Maybe I've been doing the whole 
thing a little bit more difficult than it should have been. But if 
that's the case, then the index marks are useless, because in 
grabbing ahold of the thing, you would cover up completely the 
index marks. We ought to be able to afford to put more prongs 
out there than just that one for that kind of a task. You just 
don't hook something up and then take your hand off and find out 
where this thing is. " 
Lovell - "Do you think the four prong, that we had on there 
originally was better than the one prong?" 
Aldrin - "There is no doubt about it; four are better, you don't 
have to pre-position the locking device. You can just leave it 
wherever it is and you can always get ahold of one prong or the 
other. If one of them doesn't engage the first time you turn it 
around, you can catch the next one as it comes around. The 
situation that comes up with the one prong is that you position 
it where you think it is. going to be okay, you put the two to-
gether, and you find that you've got to push it all the way around. 
So, now you've got to bring it back again and recenter the 
things. " 
At the end of the center connector evaluation, Aldrin took a scheduled 
rest. The time interval for the rest period in the simulation was two 
minutes, in flight the rest interval was 1 :35. Aldrin noted during this 
seventh orbital rest period that a crease in his right glove was begin-
ning to "give my hand a little bit of a problem." He made no mention 
of this problem later in the flight or in his debriefing. 
The second session of adapter work tasks began with an evaluation of 
the cutter tool. In his debriefing the astronaut discussed this task and 
its comparison with previous training simulations. 
Aldrin - "The cutters were painted black. It looked like a heavy 
coat of black paint. The restraining system on the cutters worked 
fairly well. It takes a little extra time to open it up, put the 
fingers with your hand into it, and then tighten the strap on top 
of it, but I think that work is well worth the effort because dur-
ing any subsequent operation with it you just don't worry about 
where that cutter is because it is sitting right there on your hand. 
The unlocking of the cutters was not too difficult. I think that 
strap that was on them was a little bit too long. Cutting the 
wires . .•.•. I cut the medium one first and took a little bit more 
effort with one hand than I thought it was going to, but on the 
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second squeeze it cut through without too much difficulty. Then 
I took the smaller strand and cut through that quite easily the 
first time. Then, I went to the fluid QD. I'd never been able 
to cut one of these before in training periods because the cutters 
were either rusted from underwater operations or we were maybe 
saving this for some other work. I had tried it with training 
cutters, both one hand and two hand, and was unable to get 
through the wire. I tried that a couple of times and saw it just 
wasn't going to make it. So, then I moved over a little bit in 
the foot restraints and got both hands on it and squeezed hard and 
it cut it in two. 
I think that this points out that this kind of a task would have 
been impossible without a very good restraint system. I think 
the waist tethers would have handled that if you could have stayed 
in position, if the work station was up high enough. The two 
foot restraints enabled me to get over there in good working con-
dition to get both hands to squeeze on it. " 
The command pilot realized that their flight time line was falling behind 
the water simulation flight plan, and from this point on he attempted to 
keep the pilot on schedule. The water simulation cutter task lasted 
3 :25. Aldrin used 3 :29 for this same task in flight. 
The astronaut stowed the cutters and began an evaluation of the adapter 
work station pip pins and portable handholds. In the water simulation, 
Aldrin spent only 48 seconds on this evaluation. He noted that the 
portable handhold velcro did not seem to be "holding up" in the water 
mode, and he felt that this was the reason the torque load capability 
of tbese handholds was low. His subsequent orbital evaluation showed, 
however, that the water simulation had __ been quite accurate in depicting 
the torque capability of the portable handholds. Aldrin took 2 : 04 to 
evaluate this task in flight. 
Aldrin - , I The pip pins came out without any problems and 
stowed in the star fittings, and I positioned them so that they 
wouldn It get in the way of any torquing operation or the left 
hand disconnect. Handholds were repositioned so that they were 
in a slightly better location as far as not interferring with the 
waist tether hookup. The velcro on the portable handholds gave 
a very shaky handhold really. I didn It get a chance to fully 
evaluate the handholds as far as how much torque you could put 
on them back there, but it wasn't very impressive at all. I 
think you'd be better off grabbing hold of just about anything you 
know is secure. It may not be as good a handhold as the por-
table ones are. Of course, if you have nothing on a flat surface the 
you have to put something on, but that velcro just didn't appear to 
be adequate at all to go into that kind of an operation. " 
In orbit, Aldrin began the Saturn bolt task with a 1 :49 evaluation in 
the foot restraints. The task consisted of removing and replacing a 
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bolt mounted z'n the lower center of the adapter work station. Aldrz'n 
attached his waist tethers and removed his feet from the foot restraints 
after determining that bolt removal was extremely easy when 7.J.sing the 
foot restraints. Aldrin spent 1: 50 removing the bolt from its recep-
tacle using waist tether restraints. The rubber retainer strap designed 
to capture the bolt when it was removed did not function as was ex-
pected. Aldrin describes this task and the problems involved in his 
debriefing. 
Aldrin - "I took the wrench off the velcro and started working 
on the Saturn bolts; torqued it out to about a half way position 
where it was obvious that it was fairly easy to work from that 
point on. As in training, I found that in trying to rachet it 
back to the free wheeling position it also tended to turn the bolt 
back in again. So, I had to put a side force on the bolt and 
wrench during this operation and enough friction in the bolt and 
its threads so that it would overcome the rachet friction so that 
I wouldn't lose everything I had gained in the previous stroke. 
When I got to this point, I decided, well, I'll take it out the 
rest of the way with my fingers. I said, well, it looks like this 
operation will be fairly simple so I'll stop at this point and stow 
the wrench and do the rest of it in the waist tether. I hooked 
up the waist tether to the lower attach points and took my feet 
out of the foot restraints, tightened up the waist tether to 3 to 
4- inches from full extension. The waist tether attach points rela,-
tive to the Saturn bolt operation is far from optimum. The waist 
tethers are far too close. The right waist tether gets in the way 
of the wrench as it's turned and the left one is just too far up 
to get a good spread type of stability for any differential body 
torques that you need. But we knew that right from the begin-
ning. So, I used the wrench and loosened it up just a little 
bit more and put the wrench away and started taking the bolt out 
with my fingers, twisting it out, and I discovered that the re-
taining washer that had been put on there attached to the rubber, 
wasn't coming out with the bolt. It was staying attached to the 
protrusion in which the bolt was screwed into. So, I got the 
bolt all the way out and was holding it in my right hand and then 
with my left hand I tried to loosen the rubber because this whole 
arrangement was covering up the other hole that I was supposed 
to put the bolt back into. So by pulling away at the rubber it 
finally came loose. The reason that it was stuck I'm sure again 
was the heat problem melting a little bit of the rubber against the 
metal. " 
The difficulty encountered with the retainer ring caused Aldrin to use 
both hands in removing the bolt. The use of two hands, close to the 
body, is sometimes a difficult task in the G-4-C space suit. The astro-
naut noted that this particular operation was tiring, and, at this point, 
he interrupted the Saturn bolt evaluation and took a 1: 04- rest period. 
Following this eighth orbital rest period, Aldrin continued his Saturn 
bolt evaluation for 3: 01. During this period, he replaced the bolt in 
its receptacle, commenting that the • Saturn bolt workspace is way 
too close to the waist tethers. " 
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Aldrin - "Then I started trying to position the bolt to get it in 
and it didnlt want to aline properly. I was using the left hand-
hold, I think, trying to line it up. I started twisting, trying to 
very gently line it up so that it was lined up perpendicular to the 
hole. I twisted it, trying to engage it, however, this took, per-
haps, four or five attempts before I finally got the threads to 
engage. I tightened it up with my fingers to about the half way 
point and picked up the wrench and changed the setting on the 
wrench and started torquing it up again. And again I found 
that I was unracheting about everything I was putting in trying 
to tighten it up so I had to use that technique of either holding 
the socket with my left hand, so that it didnlt undo what I was 
tightening up, or to put a twist on the bolt creating a torque 
against the threads, while I was in the recovery position from 
the tightening operation. It finally tightened all the way up and 
got it to a reasonable high torque level and then we forgot about 
that operation. " 
In the water simulation time line, Aldrin did not take a rest period 
during the Saturn bolt evaluation. After a 1 :43 evaluation of the bolt 
using the foot restraints, Aldrin attached his waist tethers and spent 
6:47 removing and replacing the bolt. It is interesting that the same 
difficulty was encountered in the simulation with the rubber retainer 
strap. The pilot commented that he "broke the retainer strap II dur-
ing the loosening operation. 
The next scheduled task was an evaluation of the proper size hook 
and rings to be used for semi -permanent equipment retention. The 
hook and ring evaluation took 3 :23 in space and lasted 3 :20 in the wa-
ter ~imulation. In his debriefing the pilot describes the details of this 
orbital evaluatioJ?. Except for small variation in the hardware the sim~­
lation task was essentially the same. 
Aldrin - "We went into the hook and ring connection and this 
operation was quite similar to the underwater operation. I think 
under water the hook and the ring both, of course, don't float 
as they do in space. I took the big hook and hooked it to the 
big ring and the little hook to the little ring and then a modest 
combination of hooking them all together. I could see that the 
rings were bigger in this flight item than they were in the train-
ing item and I wasn't going to be successful at all in getting the 
big hook around the big and little ring and little hook also around 
the big and little ring because the little hook was too small to put 
both rings in. So I let it go. I actually decided at that point 
to disconnect everything and hook it back up to the original place. 
The operation would have undoubtedly been simpler in the foot 
restraints. But again it was a two handed operation and you had 
restraints - gross restraints - with the waist tethers. You were~'t 
concerned about where the body was going and as expected, the 
body just had a tendency to rise up as you started doing an oper-
ation with your hands, positioning the waist tether attach points 
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down from where they were attached t<;> your body. Then you 
just had a natural tendency to drift to a place where the lines a11.d 
the waist tether attach point to your wa,ist to structure was in a 
downward direction to your body. " 
Aldrin Wf3.S asked whether the big rings were better than the small 
rings. 
Aldrin - "I think the big difference is not the size of the ring 
as much as it is the big ring has the rigid bar attached to it en-
abling you to get your hand away from the ring and hold it. With 
the little ring you've got to get your fingers right on top of it to 
keep it from flipping back and forth. I think we can deal with 
little hooks about as well as big hooks. " 
After completion of the hook and ring evaluation in the water simulation, 
Aldrin took a 2 minute rest period on waist tether restraints only. 
This was the pilot's seventh water simulation rest. In flight, Aldrin 
began his ninth rest period immediately following the hook and ring 
evaluation. The period lasted 1 :31. During this time, the pilot and 
command pilot reviewed their check list for the subsequent task pro-
cedures. 
The final group of orbital adapter work tasks included the velcro strip 
and electrical connector evaluations. The orbital velcro strip evalu-
ation lasted 36 seconds. Aldrin used this task to evaluate the overall 
work station position with respect to the foot restraints, and also to 
compare the various simulations in terms of task difficulty. 
Aldrin - "Pulling the velcro strips down in one g takes a con-
siderable stretch. In the airplane it's convenient to do and un-
der the water it is fairly convenient. It was as easy to do in 
zero g as it was in both of the training 13 itu atz'on 13 , water and the 
airplane. So, that kind of a height is accessible from the foot 
restraints. It is not one where you'd like to do a lot of effort. 
As I recall, I worked across the velcro strips from left to 
right and did them all with the left hand except the last one on 
the right which was the big velcro strip. " 
Command Pilot Lovell noted that the orbital time line was "four min-
utes behind schedule" at the beginning of the velcro strip evaluation. 
The velcro strip evaluation took 30 seconds in the simulation. 
In Figure 5-18, Aldrin is seen during an evaluation of the center 
electrical connector. The adapter work station contained three elec-
trical connectors. The" starboard" connector was not available for 
the preflight water immersion simulation. Astronaut Aldrin used the 
fluid connector, also on the right side of the work station panel, to 
simulate operation of the "starboard" electrical connector. Comments 
from Aldrin's orbital EVA indicate that he had no difficulty whatsoever 
wz'th the "starboard" connector while z'n the foot restraints or on the 
waist tethers. Table X'ilI summarizes the performance of the electrical 
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connector evaluation and details the time intervpls for the flight and 
f;.,7acer simulation . Connector evaluation was performed w.ith tethers only, 
Aldrin describes the overall connector task in his debriefing. 
Aldrin - • The center connector was a gopd bit more difficult 
this time than it was in the foot restraints. My body tended to 
rise up a little bit. Again I think it was more a problem of the 
bar that was on the locking device. The left connector in the 
waist tether configuration is a difficult connector to make be-
cause the only place you can hold on with the right hand is a 
good ways away from the connector that you're making. The 
waist tethers cannot give you enough stability to line up the con-
nector perpendicular to the surface and at the same time let you 
play with the finger operation to get the locking bar into position 
so that you can twist it in. This requires pushing against the 
surface. No w it may be that if you really take pains and cinch 
up the tethers fairly tight with this special operation that this coul~ 
be done in an easier fashion. The big point to make here is 
that two handed operations, where you can hold on to both ends 
of the connectors and then line them up right in front of you, are 
simpler to do than just a one handed operation where the other 
surface is fixed and you now have to position your whole body 
and everything with respect to the surface. Another factor that 
I think had a bearing on this is that I I m right handed and this 
was a left handed connection. I think that tended to make it a 
little bit more difficult. I would have far preferred to have done 
that with the right hand. I snuck in a quick evaluation of the 
right hand connector because we didnlt have that on the check-
list and it is a fairly easy connector to make. We had them up 
in the nose, and I wanted to compare that. This airlock con-
nector on the right side is a very neat connector, quite easy to 
hook and to connect and disconnect. It's a right handed opera-
tion. It's a straight twist to disconnect and fairly small force-
inward force-required to get it lined up and the alinement marks 
are simple. There is no prepositioning of the bar required. 
The alinement to engage the pins seemed to take care of itself. 
The only thing you have to do is position the connector in the 
right place and twist and push in at the same time and just keep 
doing it and you're bound to line them up." 
Upon completion of the adapter work task in flight, Pilot Aldrin began 
his work station cleanup. This cleanup task lasted 2:14, during 
which time Aldrin retrieved his work station camera, retrieved his 
portable handholds and made a quick evaluation of the one foot re-
straint configuration. It was at this time that the astronaut discovered 
th~ faulty work station camera. Aldrin describes his actions in the 
debriefing. 
Aldrin - "I hooked the waist tethers to the portable handholds, 
slapped them on the chestpack and they held fairly well. I took 
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one foot out of the foot restraint, moved around a little bit, and 
then went to picking up the camera. I found that the camera 
wasn't going to come off? very easily. Incidentally, a little 
earlier in the operations when I discovered the camera wasn't 
working, during the rest period I decided to go eyeball to eye-
ball to the lens to see if I could see it clicking and I couldn't. 
So, I thought, well, I haven't seen it go before in training, so 
just to make sure that it is operating, I put my hand on it and 
couldn't feel anything moving at all. This is fairly early in the 
operations. So I asked Jim to check the switches to see if they 
were on. I hit the button again, which should have stopped it, 
and I checked it again and it wasn't working. So we recycled 
the procedure. I checked the plugs and at that time I got the 
definite impression that the camera was warm. I was feeling 
this through the gloves and there is no doubt that I had the sen-
sation of heat going into my gloves from the camera. I couldn't 
tell whether this was due to the camera operation and slipping, 
just not engaging the mechanism, or whether it was due to the 
sun. This check was done before sunset ••• 
I was trying to do this (camera removal) z·nitially with one foot 
and when I had a little difficulty, I thought, well gee, let's see 
how getting the problem done with one foot is going to be. So, 
I spent a little time trying to do it and decic;ied that the best idea 
was to put both feet back in again and go back after the task. 
Finally, by again sticking my fingers into the latching mechanism, 
I was able to dislodge it and eventually to break it free. I the~ 
got the plug undone and attachment on. I attached it to the 
ELSS. " 
Aldrin commented on suit heating effects while in the adapter area. 
Aldrin - "Just before sunset also, I might add, the spacecraft 
was held inertial and the sun orientation was such that as it was 
setting it was shining directly into my buttocks region. The co-
vering on the suit, of course, covered the zipper down to a 
fairly low point in my back, but below that I could feel a definite 
warmth along the zipper line, in the crotch area. As I nestled 
down against the suit, just to check and see how warm it was, 
I could feel very localized heat and it was obviously coming from 
the metal zipper. It wasn't objectionable. I didn't notice any 
total heating resulting from this. There was no work that re-
quired your body to be positioned in the suit such that you were 
forced against this for any amount of time. It tends to confirm 
the results that we had from Gemini XI that when those zippers 
are exposed to heat it absorbs a tremendous amount of solar 
radiation and transmits it directly to you. " 
1!'ql1t;>wz·ng the adapter work station cleanup tasks, Pilot Aldrin moved 
out of the foot restraints and moved back to the spacecraft hatch. 
This movement task took 31 seconds in flight. Figure 5-19 depicts 
6he pilot's position as he "rounded" the adapt~r pigtail. 
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Aldrin - "I clipped the umbilical and stood by to maneuver a-
round to the front. We went through the necessary steps to turn 
the camera off. I don't recall feeling at all tired at this point. 
Nor was I warm. The sun came up and there was nothing that 
prompted me to think in terms of changing the flow setting. I 
just left it where it was and started maneuvering around. I got 
my feet out of the foot restraints and came around the edge and 
just before coming around the edge unhooked the umbilical from 
the pigtail. This was nominal. I got it free from the area and 
in coming around there was a slight tendency for my head to 
drift toward the edge. Again I used the pigtail to torque my 
body down a little bit. " 
In the water simulation, Aldrin rested for 3:10 immediately after his 
work station cleanup. This was the ninth rest period in the simula-
tion run, and was followed by an attempt to secure the portable hand-
holds to the ELSS. In the simulation, this rest period and the sub-
sequent restraint evaluation task were prolonged to "eat up time" 
because the command pilot felt that they were ahead of their flight plan 
schedule. These prolonged rest and restraint· periods were fo11o wed 
immediately by a movement to the spacecraft hatch, which required 
64 seconds. 
At the hatch area, Aldrin stowed the work station camera and acti-
vated the retro adapter camera. In orbit this task took 2 :34. In 
the simulation the same task took 1 :33. The time variation can be 
attributed to the fact that the work station camera stowage was partially 
simulated in the water mode. Aldrin rested for 45 seconds at this 
point in the simulation. This was the tenth rest period in .the simula-
tion. Immediately following the camera task in flight, Aldrin moved 
forward from the hatch to the Agena work station. At this point in 
the flight, film is again available for comparison. In orbit the move-
ment took 1 :14. In the simulation the same movement took 1: 05. 
TDA Work Station Tasks - In both orbital and water simulation, 
Aldrin began his TDA work tasks with an initial placement of the pip 
pins and portable handholds carried on his chestpack from the adapter. 
In the water simulation, Aldrin spent 2:10 on this initial placement 
task. He then rested for a scheduled 2 minutes. In his orbital EVA, 
Aldrin spent 2: 13 on basically the same placement task. At the end 
of this time, the pilot requested a rest period. He rested 3: 07. ThifJ 
was Aldrin's tenth orbital rest period. 
It should be noted that this was one of the few times Aldrin requested 
a rest period. Using the onboard voice recording as an indication, a 
note of "ttredness" was detected as Aldrin requested this rest. It 
a,ppears that skipping the rest periods at the spacecraft hatch area 
proved unwise, and the cumulative effect of movement, camera place-
ment and another movement caught up with the pilot as he began his 
first TDA work task. Subsequent biomedical analysis tends to sub-
stantiate this. Variation in the task procedur~ between the orbital and 
simulation mode/3 could also partially explain the marked separation be-
tween the work load rates during this final phase of the umbilical EVA. 
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The pilot began his eleventh orbital rest period immediately after this 
second TDA work station task, Group B. This orbital rest lasted 
1 :54. From the onboard voice transcript it appears that Aldrin did 
not really rest during this period, but was working on the TDA work 
station. In the simulation, Aldrin's final rest period followed the TDA 
work task and lasted 1: 55. This was the pilot's twelfth rest period 
in the simulation. 
The final TDA work station task group (Group C) in space varied 
slightly from those in the water simulation. Here again, the simulation 
training allowed the astronaut to streamline his orbital task and make 
the most of each evaluation. The variation between the flight and simu-
1ated performance of this task group reflect this advantage. In the 
simulation, Aldrin moved aft from the Agena to the spacecraft hatch 
following the TDA work task. This movement took 1 :04. Aldrin re-
trieved the retro adapter camera and handed it into the command pilot, 
making use of the portable handrail. He also handed in the Apollo 
torque wrench, which he had retrieved from the TDA work station. 
This took 1 :40, after which Aldrin ingressed the spacecraft and stood 
erect in the cockpit. Ingress required 27 seconds. Aldrin proceeded 
immediately to detach and jettison the portable handrail (28 seconds). 
The final task in the simulation was hatch closure preparation lasting 
29 seconds. During this time Aldrin checked the hatch seal for de-
bris, deployed the hatch hoiding device, and positioned and recovered 
his umbilical. Of these three final subtasks, only the umbilical recov-
ery was actually performed. 
During the orbital umbilical E VA, Aldrin was asked to observe the 
left hand spacecraft thruster system at the end of his last TDA work 
station task group. Aldrin made this observation while completing his 
work station cleanup task. The entire task took 41 seconds. 
Following the cleanup task, Aldrin moved from the TDA to the space-
craft hatch. This movement took 51 seconds. The pilot stopped on 
the portable handrail and performed the optical surface evaluation. This 
evaluation was performed at 4:55 (E T) in the water simulation. Aldrifj 
spent 55 seconds attempting to clean the command pilot's hatch window. 
Aldrin describes this operation in his debriefing. 
Aldrin - "I wiped off the window on Jim's side. The handker-
chief came out quite easily. There wasn't any particular ten-
dency to have it float away. This is obviously a one-handed 
operation. I held onto the handrail again with an arm and a 
hand. In other words, the arm was along-side of it. and then 
somehow I used my feet against the handrail because it went 
back along the spacecraft. This gave me enough action with an 
elbow against the side of the spacecraft, so that I could push 
against the window fairly well and was in a good position to rub. 
I could see that I was obviously rubbing the film off the surface. 
I guess I got it off, except for that one square that heated up. n 
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Ingress required 1:24 in flight. Aldrin performed a visual thruster 
checkout task, and then jettisoned the portable handrail. Handrail 
jettison required 44 seconds. 
Aldrin's final tasks prior to hatch closure were the same as in the 
water simulation. The pilot recovered and positioned the umbilical in 
the hatch area, deployed the hatch closing device and checked the 
hatch seal for debris. He commented that the seal was clear except 
for some flecks of dust. Preparation for hatch closure required 1: 05. 
The preflight water immersion simulation of the Gemini XII umbilical 
E VA established a target flight plan for the actual orbital EVA mis-
sion. The simulation was not intended to establish a definitive time 
interval for individual tasks. The resulting orbital versus simulation 
tasks, therefore, varied in time duration. Figure 5-20 is a task time 
comparison of the orbital and water simulation modes. It can be seen 
from this comparison that in the early portion of the E VA most orbital 
tasks were longer than the simulation mode. Toward the end of the 
flight, the time lines became more consistent but deviations of the tasks 
were still apparent. 
The astronaut's natural tendencies to proceed with caution in a new 
environment could easily explain the increased time for the orbital 
tasks. In his water simulation, the pilot had practiced the tasks many 
times and this environment during his final preflight simulation was more 
familiar. Certain of the preflight water simulation tasks were longer 
than the orbital mode. In these tasks, such as the work station pre-
paration and positioning tasks, Aldrin spent extra time evaluating the 
best possible mode of task performance. His objective was to stream-
line these tasks so that he could spend more time on the important 
task evaluations in flight. The total time line in space was only slightly 
longer than the water simulation flight plan. 
Figure 5-21 presents a summary of the comparison of the time inter-
vals for the major task categories of orbital and water simulation modes. 
It is interesting to note the extremely close comparison for the work 
station tasks. There was a relatively large difference between the 
orbital and simulation modes for the experiment support c ategory. Ab-
sence of high fidelity hardware in the simulation forced the astronaut to 
"fake" or completely omit certain parts of these tasks. This greatly 
reduced this simulation time interval. 
Since one of the prime objectives of the Gemini XII umbilical E VA was 
to evaluate restraint modes, it is significant that Aldrin spent more time 
in orbit than in the simulation on the positioning and restraint category. 
Camera placement and retrieval tasks were basically the same in space 
as they were underwater. The time deviation resulted from the mech-
anical difficulty with the work station camera during the orbital mission. 
Aldrin used extra time on this task attempting to correct the malfunction 
in space. In the simulation he noted a similar problem but continued on 
with the time line. 
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The close agreement between the flight and simulation for movement 
tasks is also important. This data tends to substantiate subjective ob-
servations and measurements that motion in space and water s imula-
tion are closely related but are indeed slower than motions s imulated 
in the zero gravity aircraft. Comparison of the rest periods shows 
the total orbital rests to be longer than the rest periods in the simu-
lation, even though there were a greater number of rest periods in the 
water simulation. Although the flight rest periods were longer 1 they 
were more unevenly spaced throughout the mission. At the beginning 
of the flight E VA there appeared to be too many rests. Towards the 
end of the mission, it appears that more rests could have been used. 
In general, comparison of task time duration between space and water 
simulation was in close enough agreement to permit first order correl-
ation. However, the disparities noted were of sufficient magnitude to 
preclude uniquely determinant human factors information to be developed. 
This factor should be strictly evaluated when future experiment planning 
is undertaken. 
5.3 - WORK LOAD COMPARISON - The performance of the 
Gemini JX and XI E VA emphasized the question of the exact determi-
nation of the effects of weightlessness on human performance. Life 
support equipment designed for the Gemini missions had, for the most 
part, performed according to design specifications. However, it 
appeared that these design specifications did not adequately encompass 
the range of the Gemini EVA task complement. The close approxi-
mation of water immersion simulation to the kinematic aspects of the 
Gemini JX-XI EVA supported the premise that extension of the s imu-
lation to measurements of certain physiologic parameters would be 
warranted. 
The work load measurement techniques evolved along with the simula-
tion techniques, starting with the initial preflight simulation run of the 
GT-XlI E VA. The initial instrumentation system utilized the Gemini 
biomedical harness and sensors. RF interference precluded the use 
of this system and the ultimate technique employed the biomedical har-
ness developed for the Apollo program. This system was utilized 
successfully throughout the subsequent simulation program and the re-
sults presented. A functional flow diagram for the instrumentation 
system wee shown in Figure 2-1. Hardwire sensing lines were run 
through a modified dual-umbilical line, which served a multipurpose 
function: (1) air intake and exhaust, (2) instrumentation, and (3) 
two -way communications . 
Table XlIII details the components of the final version of the instrumen-
tation system used during the simulation. Physiological variables moni-
tored were body temperature, respiration rate, and EKG. Informatto~ 
pertinent to the suit inlet flow and sampled gas measurements were made 
on a discontz'nuous basis in tabular form. Measurements were made 
of .heart rate, respiratory rate, body temperature, suit carbon dloxlde 
and oxygen concentration. 
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Breathing quality air (water pumped) was supplied to the G4C full 
pressure suit at 8-10 elm at a pressure of 3.7-4.0 psi above the am-
bient pressure relative to the depth at whz'ch the subject was working. 
Thz's pressure gradient was controlled by means of the suit-mounted 
relief valves described previously. The oxygen concentration in the 
exhaust gas was determz'ned by a Beckman E-2 oxygen meter wz'th the 
Beckman model D-1 serving as an auxiliary monitoring backup. Car-
bon dz'oxide concentration in the exhaust gas was prz'marz'ly determz'ned 
with a Perkin-Elmer analyzer {Apollo system} with a Liston-Becker 
meter serving a monitoring backup function. Respiratz'on rate was de-
termined from the output of an impedance pneumograph. EKG read-
ings were accumulated using skin mounted electrodes. Body temperature 
was measured by means of an ear thermocouple for the astronaut and 
by a rectal thermistor probe for the ERA subject. Biomedical mea-
surements were made under the direction of Dr. E. L. Beckman, 
MSC, with support of Cdm. L. J. Greenbaum, MSC, NMRI. 
Initially, metabolic rates were calculated by the de Weir technique. 
Later, estimates of the metabolic load were made by means of pre-
flight ergometric-heart rate correlations. These later determinatz'ons 
proved more useful for simulation-space performance comparison. 
Pariz'cular attentz'on was centered on determz'nz'ng the effectz'veness of 
the rest perz'ods z'nterspersed throughout the tz'me lz'ne. Also, a deter-
mz'nation of the productz'on and accumulation of carbon dioxide in the 
full pressure suit was made since there was some evidence that this 
may have been the limitz'ng factor on the Gemini XI. To assess this 
factor, air with 5.0% carbon dioxide concentration was metered to the 
ERA subject during one of the checkout runs for a short period and 
appropriate measurements were made. 
The main purpose of the physiological measurements during the simu-
latz'on was to develop a biomedical baseline of suffz'cient credibtlity to 
permit real-time monitoring of the astronaut's flight performance. These 
data were used to establish a heart rate lz'mit for the flight performance. 
The limit established corresponded to a work load of 2500 BTU / HR 
for slowdown and approximately 3000 BTU / HR for cessation of work. 
Concommitant with the development of these physiologic guidelines, it 
appeared that significant benefits could be derived from the comparison 
of the preflight biomedical data with that accumulated during the flight. 
It was recognized that direct comparisons would be difficult since last 
minute changes to the flight plan and flight contingencies could arise 
which would significantly alter both the duratz'on and sequential ordering 
of the EVA tasks. These changes proved to be of a minor nature 
and, for the most part, the time lz'ne resulting from the final preflight 
water immersion simulation run waS followed during the flight. 
The NASA primarily uttlized the physiological information from the 
simulation for crew monitoring purposes and to evaluate postflight re-
sponses. The following instrumentation was used during umbtlical 
EVA: one electrocardiagram lead, one respiration rate lead, and one 
lead for suit pressure. In the later flz'ghts, IX -XlI, the pz'lot monitored 
his own suit pressure and this measure was deleted. 
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Figure 5-22 presents the results of the measurement of physiological 
parameters of the Gemini XlI E VA. As mentioned previously, prob-
1ems developed as the E VA task line became more complex. Results 
from GT-XI indicated that excessive thermal loads due to the function-
ing of the E LSS and carbon dioxide buildup due to high res piration 
rates may have compromised the performance. Direct determination 
of these factors was not possible for the flight since data on thermal 
conditions and carbon dioxide level was not collected. Also, no direct 
measurement of metabolic load was made. 
In the absence of direct calorimetric measurements, the NASA relied 
on extrapolation of the preflight and postflight ergometric measurements 
of the pilot to estimate work load levels. Recognizing the factors in-
volved, the feasibility of using heart rate as the prz'mary z'ndicator of 
work load was investigated. Physiologic, psychological, as well as 
pathological factors, play an important role in determining the response 
of the heart rate to various work loads and work rates. Several 
factors mitigate these considerations (1) the specific work load deter-
mination did not require generalization from a small sample populatz'on 
to a large sample populatz'on, in fact, a preflight and postflight calibra-
tion was done for each pilot, (2) the heart rate parameter was one 
of the two existing for the measurement, the second parameter, res-
piration rate -energy correlation was considered but rejected due to 
voluntary control factors and equilibrium response considerations. 
Heart rate-work load correlations were determined for each E VA pi-
lot by bicycle ergometry. During these tests, the astronaut performed 
a measured amount of work on a bicycle ergometer at normal pressurfi{J 
and temperature. Pressure suits were not worn during these tests. 
The work load was incrementally increased, (+16) watt for each one 
minute increment and heart rate, respiration rate, blood pressure was 
measured on a continuous basis. Samples of expired gas were peri-
odically collected for subsequent analysis. Figure 5-23 presents the 
results of the preflight ergometry tests. The data from th e se tests 
were converted to the oxygen utilization curves given in Figure 5-24. 
Two methods were employed to determine the work load of the G T-XJI 
task line during the water immersion simulation; the de V. Weir method, 
and heart rate-work load correlation using the preflight ergometry. In 
the de V. Weir method, work load is determined by measuring the per-
centage of oxygen in the expired air and determining the respiratory 
quotient (RQ). In direct calorimetry, utilizing open loop respiratory 
gas analysis, e.g., the Douglas-Haldane technique, the energy output 
is most simply determined as the product of the volume of expired gas 
by the caloric value of the expired gas. Generally, formul a (1) can 
be used to determine the metabolic output E-kg.cal. 
(1) E = 3.941 + 1.1 RQ 
J. de V. Weir has proposed a modification of the above to account for 
the precise 02 metabolizing mechanism involved. The de V. Weir 
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form was used during this experiment and is given in equation (2), 
using a standard protein correction (12-1/2%). 
(2) L,E = (3.941) V + (1.106) V - (protein correction) 
O2 cO2 
Since one liter of expired air contains 0 /100 liters of oxygen, where 
o is the oxygen concentration, the (V e) oxygen consumed is given bl 0). O2 
(3) V = [1 + (1 - (RQ)) V ] 0./100 - 0 /100 
O 2 O 2 I e 
O . = oxygen concentration in the inspired air 
I 
Therefore, equation (3) may be given by (4). 
(4) V = (0. - 0 ) / (79.07 + 20.93 (RQ)) 
O 2 I e 
Combining equation (2) and (4) 
(5) El = (0. - 0 ) (3.941 + 1.106 (RQ)) / (79.07 + 20.93 (RQ)) 
I e 
Figures 5-25 and 5-26 present the results of the work load determina-
tion by this technique, of the simulation runs by the astronaut, Col. E. 
Aldrin. Table XVIII summarizes the results of the determination of the 
work rates for Aldrin's simulation run. Figure 5-27 and 5-28 and 
Table XIX present comparative data from the simulation runs performed 
by the ERA subject, including the effect of altered carbon dioxide con-
centrations. 
While the most consistent indicator of stress response proved to be 
respiratory frequency, when compared to the caloric changes computed 
by the de V. Weir technique, there appeared to be a great disparity 
between the actual level of activity and work load computed in this man-
ner. It can be seen in Table XVIII that the oxygen utilization method 
indicates that maximum work levels occurred at periods of low activity 
(rest) while periods involving maximum suit-flexure and force output 
yielded low work levels. 
The disparity between the calculated work load, body temperature, and 
expired CO2 concentration was even greater. These, however, can be readily explained. The body temperature was measured at one 
point only (rectally for the ERA Bubject, externally behind the ear for 
the astronaut). No reliable measure of metabolic activity has been ob-
tained so far using single point temperature measurements since the 
relationship of the time response of temperature to work load increases 
is exceedingly complex. CO2 measurement during the simulation proved 
unreliable since measurement took place at the exit of the exhaust line. 
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No effective determination of the system time constants could be made 
due to the variability of the s y stem and since absolute control of water 
leakage in the system could not be controlled (Co..2 is readily absorbed 
z'n water). Thz's was due, in part, to the unavaz'fiLbility of the space 
suit until close proximity to the test. 
Further, there was no comparatz've measurement of work load in space. 
In the absence of direct measurement of metabolic load in space, the 
NASA placed maxz'mum reliance on electrocardiagram and impedance 
pneumogram measurements of the astronaut during the EVA. Severe 
limitations were recognized in the use of this information as mentioned 
previously. NASA indicated that the accuracy of these data should in-
crease with increased oxygen utilization? and since the area of consid-
eratz'on was at high relative work loads, any errors would tend to 
elevate the heart rate for a given condition. This would yield a mar-
gin of safety when using the heart rate-ergometry correlations for a 
slowdown and stop indicato:::,. 
Data from preflight altitude chamber runs, correlations from results of 
previous flights, and the initial results of the underwater simulations 
served to derive a quantitative meaSure of the work expf!#nditure. 
NASA concluded that the use of heart rate and respiration rate data 
supported by continuous onboard voice contact proved to be an ex-
tremely important and reliable method for real-time monitoring of the 
crew activity particularly when coupled with a complete knowledge of 
the tasks involved. 
Using the foregoing as a basis for comparison, Figure 5-29 was de-
veloped which details the cumulative work load of the time line for the 
flight and simulation. This relationship was derived by developing an 
expression for the relationship between heart rate and work load from 
the preflight ergometry for the pilot. The figure was developed by 
using this relationship and the heart rate versus time for the flight and 
the simulation. The curves were developed by applying the heart ratEt-
ergometry relationship and integrating with respect to time. This tech-
nique yielded a much closer correlation between observed activity level 
and work load. 
This correlation is not intended as an absolute determinate of work 
rate but, rather, is intended for comparative purposes. It does, how-
ever, offer distinct advantages for tasks of the nature of the GT-XJI 
EVA tasks. Conventional closed and semi-open ventilatory measure-
ment techniques generally require considerable response time for the 
measurements to reach equilibrium (from 1-5 minutes). This time 
period is generally greater than the steady state task time of the z'ndi-
vidual tasks and, therefore, direct analysis of oxygen utilization data is 
exceedingly difficult. Heart rate measurements, on the other hand, 
respond rather rapidly to changes in work load. 
Comparative evaluation of the heart rate data indicates an average 35% 
gI'eater heart rate for the flight. This may be due to several identified 
reasons. First, there is the effect of the variation of ambient pressure 
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and breathing medium on heart rate -ergometric correlation. This ef-
fect is probably related to the density of the breathing gases but may 
also be related to variation in alveolar oxygen transport. Figure 5-JO 
presents the results of parallel research which indicates the effect of 
variation of gas density. 
The second major factor causing the difference in heart rates noted is 
probably the most important. In space, the astronaut was subjected 
to a vapor saturated oxygen environment with limited heat transfer ca-
pability. In the simulation, the water acted a{3 an infinite heat transfer 
sink. Further, the thermal load characteristics differed greatly. P~e-. 
vious research has generally identified ~he effects of changes in the 
thermal environment on heart rate, Figure 5-31. In this program, a 
standard work level rest cycle was obtained and the thermal load char-
acteristics were varied. It can be seen that increasin!j5 thermal load 
tends to increase the heart rate for a given work level and this rela-
tionship increases with time. 
A third factor is that of psychological effects on the heart rate due to 
operations ,·n the space environment. If psychological involvement we~~ 
a first order factor, the heart rate in the initial phases of E VA would 
be greater in space than in simulation with a gradl1al tapering off if no 
problems were evidenced. Analysis of data shows the opposite. The 
period where a large psychological involvement was thought to occur 
was during the time of the messages to Houston and even in this, there 
is strong reason to believe that the astronaut WaS engaged in moder-
ately strenuous work of placing pennants on the ELSS. 
There is other parallel research which supports the use of the singl~ 
parameter determination of energy cost for calibrated individuals. 
Malhorta et. al., have reported on the feasibility of using pulse rate 
during work as a measure of energy cost. Studies were made using 
bicycle ergometry with work loads varying bet'V"{een 50-600 kg-Imin. 
Cross-correlation of the results with oxrgep uptake methods was made 
and regression correlation lines were calculated. While a significant 
difference was found in the coefficient of variation between subjects, a 
linear correlation was obtained between the pulse rate and energy cOE;t 
for all subjects. Typical results of this research study are given in 
Figure 5-32. 
Figure 5-32 also presents the results of a similar study by N. L. 
Ramanathan, Reliability of Estimation q( Metabolic Levels from Respira-
tory Frequency. Ramanathan has demonstrated the reliability of esti-
mating task energy cost for relatively high energy metabolism. A 
correlation of E(kcal/min} = -3.06 + 0.198 RF {no./min} was ob-
tained between energy consump~ion and breathing rate. This correlation 
was highly significant (P<O. 01) with a correlation constant of 0.93 and 
standard error 0f 0.46 kcall min. These data are included to indicate 
the factors involved in using the heart rate-ergometry correlation tech ... 
nique. A more exte17sive ret:>earch program is required to evaluate 
the exact numerical correlation factors involved. 
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Table XX presents the data derived through heart rate-ergometry cor-
relation and compares the results of the space performance with the 
simulation. These results are depicted in Figure 5-33. It can be 
seen that, in most cases, the energy costs of the tasks were greater 
for the space performance. Figure 5-34 presents the same results 
reconfigured to show relative rates of energy expenditure , since the 
task times were also generally greater for the orbital case. The re-
sults of this comparz'son show that there is a relationship between simu-
lation and space performance. The ratio of energy cost between space 
and water simulation averaged approximately 1.57 and varied between 
0.69 and 3.44. 
Prior to this study it had been considered that drag effects and other 
associated problems would result in a higher energy expenditure for a 
given task in the water immersion simulation than in actual space per-
formance. Since this has been shown to be not necessarily true, it 
is important to properly idcniify the elements of the simulation and the 
effect of each on the energy cost in task performance. These elements 
include: viscous drag (d) j gravity effects (g) j buoyancy effects (b); 
planing effects (p) j and hydrostatic effects (h). These elements may 
increase or decrease the energy cost (a) for any given task. The 
relation of the energy required for task performance in simulation (EW) 
and in space (ES ) takes the following form (6). 
If the agreg.ate of the a terms is negative for a particular task the task 
requires less energy in the simulation than in space i. e. certain factors 
in the water have acted in such a manner as to reduce the total energy 
expenditure for that task. Since the suit pressure is regulated at the 
waist level, portions of the suit above this level have a greater differ-
ential pressure than in space while portions below this level have a 
lesser differential pressure than in space. As an example, tasks that 
involve arm and hand motions result in a positive ab term for the up-
right subject and a negative ah for the inve.,:,ted subJect. In like fashion the other elements can exhibit both positive and negative effects. 
The results of the Gemini XII analysis shows E S > EW for the major-
ity of the EVA. Therefore, the combination of The elements acted to 
reduce the energy cost of these specific tasks in the water over the 
cost of the same tasks in space. 
The terms (2" ad 2" a ) are related to the subject's motion in the 
water medium and c~ be explicitly derived as a function of the velocity 
vector and body attitude of the subject. In general, the specific terms 
of the relationship can be uniquely determined for one suit and body 
configuration, i. e. changes in the body configuration affect the drag 
coefficient of the whole body as well as the individual limbs. 
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The predominating element as the velocity increases is the (J.d term. 
This relationship can be seen from Figure 5-35, which presents cal-
culated values of drag for several suit attitudes. FOr the Gemini XII 
tasks the velocities of movement were generally < 0'5 ft. /sec. and 
the number of movements was small in consideration~ of the total EVA 
time. Therefore, the terms of (6) for the Gemini XII EVA are 
approximately given by (7). 
King et. al., has calculated the gravitational work for limb motion of 
man unencumbered by a pressure suit. Gravitational work expressed 
as percent of muscle work ranged to approximately 15% in the studies. 
Translatin g these factors to pressure suited man would tend to reduce 
the gravitational work factor since the work required to overcome the 
pressure suit is far greater than the work required to move the limbs 
unsuited. (generally the a element is a positive term. g 
In summary, although the water immersion simulation of the Gemini 
E VA was not intended to produce data for purposes of comparison 
with space flight EVA, there was, in fact, much data available from 
which comparisons have been made. There are also elements which 
have been identified and which are unresolved as to their contribution 
to energy cost . Thes e unresolved elements an:e the hydrostatic effects 
to;h) and ,the buoyancy ((J.b) term both total body and specific limbs. 
Hjrarostatzc and buoyancy effects cannot rro w be evaluated for the 
Gemini XlI simulation and indeed would be extremely difficult to deter-
mine for subsequent simulation since the suit buoyancy characteristics 
change relative to time during any particular run. It is important, 
however, to determin e th e range of this effect in future work. 
In addition, the effedts of heat load and breathing gas density must be 
evaluated. A determination of these factors can be made experimentally 
and a more exact relationship governing the comparison can be aeter-
mined. Until this is done the c.utnulative work loads determined by pre-
flight ergbmetry should b e use(j, as a relative comparison parameter. 
5.4 - EVALUATION OF TASKS BY CATA GORIES - Table XXI 
is a compilation by categories of the E VA tasks identifying specific t,,~k 
objectives. The first category, EVA e valuation tasks, are tasks de-
signed to directly evaluate man's performance in the extravehicular 
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environment. The design of these experiment-tasks was intended pri-
marily to yield subjective data. Comparative film and motion analysis 
was applied to these tasks where possible. 
EVA Evaluation Tasks 
The objectives of the E VA evaluation tasks included the determination 
of restraint modes, suit mobility, torque capability and the feasibility of 
simple maintenance tasks. The E VA evaluation tasks were comprised 
of various subtasks. Table XXII lists the task evaluation objectives fqr 
the various EVA subtasks. 
Restraint Evaluation - Restraint evaluation comprised the performance 
of various representative E VA tasks using foot restraints, adjustable 
waist tethers and a system of portable pip pins and handholds for re-
straint positz'oning. Both portable handholds and pip pins were con-
structed with la:{,ge rings to accept the waist tether quick release mech-
anism. The astronaut was able to evaluate many different restraint 
positions in a relatively short time period using the pip pin arrangementll. 
In Figure 5-36, Astronaut Aldrin is shown placing a restraint attached 
to a pip pin into the star receptacle on the Agena work station. Fig-
ure S -J 7 sho ws the astronaut adjusting his positioning with a restraint 
attaohed to a portable handhold. Stationary attachment points were al-
so used in restraint evaluation. These took the form of small rings 
attached to the target docking cone and a single stationary ring on the 
"nose end" of the portable handhold. These supplied ample attach 
points for tasks such as the Agena tether, S-010. The first rest 
period, on waist tethers, was performed while attached to these sta-
tionary positions. Similar attachment points were supplied on the adap-
ter work station. Astron3.ut Aldrin used these stationary rings almost 
explusively during his "waist tethers only " adapter restraint evaluatfol1s. 
The porta~le handholds, while showing some merit on the TDA, proved 
inadequate in the adapter work station. Aldrin noted that only minimum 
torquing forces were required to break the handholds free from their 
positions. The TDA handhold positions proved adequate primarily be-
cause no excessive torq7.,Zes were placed on these units. In most 
sases, it appears that the TDA waz'st tether configuration aided in main-
taining the pilot's gross position on the Agena, but was not particu-
larly useful to react torques. During work tasks the astrona-qt employed 
his arms to reduce the forces transmitted t9 the tethers and portable 
handholds. 
Figure 5-38 shows the effect of restraint modes for both the adapter 
and TDA work station tasks. The restraint modes are indicated by 
the legend at the upper left of the figure. The crolfJs -hatc,hed areas 
indicat~ rest periods. Number (1) indicates task performed by the 
Cl,stronaut while he had one or both feet in the molded foot restraints. 
7'he tasks performed while in the foot restraints were restricted to the 
qdapter where the foot restraints were located. -while in the adapter, 
the a~tronaut repeated the task performance with waist tethers only. 
Comments from the astronaut indicated a strong preference for the foot 
re~traint mode. 
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The foot restraint mode required slightly larger performance times than 
the waist tether mode both in spac e and in the simulation , however p the 
rate of energy expenditure was significantly less. This contradicts the 
results previously described for the Gemini JX AMU donning task . A 
fixed restraint position such as evidenced with the foot restraints per-
mits a greater envelop of operation in the suit, particularly for two ... 
handed tasks, while decreasing the level of energy expenditure. 
The Gemini suit afforded easy control of the rest position of the suit 
due to the "stiff" leg and torso components. In later space suit ver-
sions, having greater mobility, this will not be true and extra energy 
w ill need to be expended to keep the astronaut in the proper orientation 
for work tasks for fixed restraint modes. 
The restraint modes evaluated while on the TDA included two waist 
tethers, one waist tether, and no restraints. There was a greater 
variation between space and the simulation for these tasks. The re-
sults of the evaluation of restraint modes for the different work station 
tasks is given in Table XXIII. 
Suit Mobility Evaluation - The major suit mobility evaluation was performe 
in the adapter section while the astronaut was restrained by the foot re-
straints. The pilot performed a task in which he leaned backward a-
way from the spacecraft while in the foot restraints. Figure 5-39 
demonstrates two aspects of this task in whz'ch the pilot attempted to de-
termine the angle and radius of action of his G-4C space suit. In 
general, suit mobility evaluation was a continuous aspect of the overa,ll 
task evaluations. 
The limb flexure analysz's derz'ved from film analysz's for the lean back 
task z'n the preflz'ght and postflz'ght sz'mulation is presented in Figure 5-40, 
During the flz'ght, the pilot commented that the lean back task was more I 
difficult than in ' the preflight water simulation. He noted in this post-
flight run that the task was very much lz'ke that performed in the orbital 
mode. The increased force requirements fo1;' the fltght and postflight 
simulation were caused by the use of the more rigid extravehicular space 
suit (FPS). The extra protective layers caused an increased suit 
rigidity. This factor required the astronaut to expend extra energy 
using the E V suit over that experienced in the preflight simulation with 
his training suit, 
Torque Tasks - The evaluation of the astronaut's ability to exert tor-
quing forces wa(3 performed in the equipment adapter and Agena work 
station, Torque capability of a restraz'ned and unrestrained astronaut 
is considered of prime importance for future space missions, The 
adapter work station torque evaluations were performed on a fixed bolt 
configuration located at the bottom center of the work panel. In both 
the fltght and simulation modes, Pilot Aldrin evaluated clockwise and 
counterclockwise torquing operations, Aldrin first performed the adapter 
torquing operation while in the foot restraints, He then attached his 
left and right waist tethers and re-evaluated this task with tethers only, 
Table XXIII summarizes the time allocated to t01;'que evaluation anc;i the 
energy exp~nditure involved for the orbital and sz'mulation modes. 
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The astronaut used a special torque wrench for ¢he Agena work station 
portion of his torque evaluation. This tool was manually adjustable and 
designed to "break free" if the set value of torque was exceeded and 
was designated the Apollo torque wrench. The Apollo torque wrench 
shown in Figure 5-41 employed a male "key type" drive. The bolt 
receptacle on the Agena work station was fixed mounted in a torque 
box. 
The adapter torque wrench malfunctioned during both the flight and the 
simulation torque tasks. In both cases the visual readout gauge failed. 
It is also worth noting that in the water simulation, Aldrin broke the 
"fixed bolt" free when using the maximum torque setting on the wrench. 
Quantitative data on either the flight or simulation cannot be derived due 
to equipment failure. However, Astronaut Aldrz·n noted in his debrief-
ing that any torque task found practical in the water simulation would 
also prove practical in space. 
Maintenance Tasks - Those tasks, specifically designed as an evaluation 
of propo$ed future space maintenance, included bolt removal and re-
placement, electrical and fluid connector operations, cable cutting opera-
tions, hook and ring connection, and the velcro strip evaluation. The 
initial camera placement and the work station preparation and cleanup 
taskl3 were also included in this task category. 
The first camera placement task was an evaluation to determine an op-
tz'mum mode of camera handling. The results of this evaluation showed 
that camera placement and retrieval was optimized when the pilot utilized 
a semi -unrestrained positioning technique requiring only the use of his 
free hand to place his body in the proper relative position. 
Maintenance task evaluation was performed on the Agena work station. 
An electrical connector, similar to the connector in the adapter work 
station, was mounted on the side of the Agena work station panel. 
Aldrin noted that he found no problem in connection or disconnection of 
this unit in his preflight or orbital EVA. 
In general, the task performance was very similar, both from a time 
and work level basis. The astronaut did not experience any difficulties 
in performing the tasks as prescribed. li\Tork loads and time allocatz'ons 
vvere Eluccessfully predicted in the simulation. The evaluation of re-=-
straints proved to be highly amenable to water immersion simulation. 
EVA Support Tasks 
Camera Placement and Retrieval - Astronaut Aldrin's first umbilical 
E VA camera placement task in both orbital and simulation time lines 
was categorized as an EVA evaluation task. All subsequent camera 
tasks were entirely support tasks designed to produce a 16 mm color 
film record of the umbilical EVA. Except for the camera mechanism 
failure in the adapter section, Aldrin noted no problem with the camena 
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placement tasks in orbit. He did comment that his initial camera place-
ment seemed even easier in flight than it had been in the simulations. 
This fact may certainly have been the result of training experience. 
Movement - Movement along the spacecraft and from the spacecraft to 
the Agena target vehicle in previous Gemini missions was considered 
an important task objective. For the Gemini )(II E VA mission, a sys-
tem of motion aids was designed to expedite this movement. The utili-
zation of the motion aids provided increased time for the subsequent 
E VA evaluation tasks. Movement from the spacecraft hatch area to the 
Agena was aided by the installation of the portable handrail, Figure 5-42. 
Analysis of the film record from the water simulation shows this forward 
movement to have the greatest velocity among all the gross movement 
tasks of the GT-)(II umbilical EVA. The velocity of this movement was 
approximately 0.3 feet per second. This is less than the limits estab-
lished for drag-degradation effects, 0.5 feet per second. The move-
ment from hatch to TDA was 10 seconds longer in flight than similar 
movement in the simulation. From analysis of the flight film, the mo-
tions appear to be identical, although the velocity was slightly less than 
that of the water simulation. It is significant to note that even though 
the velocity in the simulation was higher and the time shorter, that the 
energy cost was higher for the orbital movement task. This further 
substantiates the absence of perceptible drag effects in the water simu-
lation for movement tasks of velocities under 0.5 feet per second. 
Rests - Figure 5-43 compares the rest periods for the flight and water 
simula~ion modes. Cross -hatched areas on the figure indicate the re~t 
periods. The single reversed cross-hatch area indicates the duration 
of the water simulation rebalance break. A comparison of the individual 
rest periods, from a time and energy cost basis, is given in Table XXft.7. 
The most significant variation between space performance and simulation 
is the number and frequency of rest periods. There were twelve 
rests in the water simulation and only eleven in the flight. The total 
time of the rest periods, however, was longer in flight than in the simu-
lation. Although the total orbital rest time was in excess of the simula-
tion time, it appears that the rest periods during the simulation were 
better spaced, thereby contributing to minimum energy expenditure. 
Two flight rest periods, numbers (4) and (10), are of particular sig-
nificance. Rest period (4) was particularly long, yet the rate of energy 
expenditure increases rapidly through the half of the duration. Although 
this time period was designated as a rest, Pilot Aldrin used this time 
period to deliver messages to the world. The detailed activity during 
this rest period was discussed in a preceding section. Analysis has 
shown that this rest period included periods of relatively high physical 
activity. The energy cost is probably misleading, however, since miti-
gating psychological factors may be involved. Mission Control was 
warned of the increase in heart rate to the 140 beats/min. level by the 
telemetry readout and Astronaut Aldrin was advised of this increase. 
In the middle of this rest period the pilot waS advised to slow down his 
activity and complete the period in a resting position. The result off this 
slowdown was evidenced in the decreasing energy expenditure rate to-
wards the end of the rest period. 
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Orbital rest period (1 0 ) was aJso an e xtended rest period . Referen c e 
to the cumulative e nergy exp enditure line shows a marked increase in 
the rate of energy e xpenditure JUBt prior to this rest p eriod . For an 
explanation of this rate increase and th e subsequent extended rest period, 
the following c orrelation between th e sim ulation and orbital ime lines is 
postulated. Immediately fo llo w ing the adapte r wor k station tasks in the 
simulation, Aldrin moved to the spacecraft hatch. At this point he ex-
ecuted a camera change and rested for 45 seconds. After this rest, 
Aldrin moved forward to the Agena work station to begin h is TDA 
work tasks. Following his first work station task g r oup, the pilot 
took his scheduled 2 minute rest period. From the voice r e c ord, it 
does not appear that the ast'ronaut was excessively "tired" at this point. 
There was a slight increase in energy expenditure during th e movement 
forward from adapter to Agena. In contrast to the perfor m ance in the 
simulation, after Astronaut Aldrin completed his orbital adapte r work 
tasks, and moved to the spacecraft hatch, he did not take advantage of 
a rest period. Instead, he made his camera change and activation and 
continued immediately to the Agena work station. On the Agena, Aldrin 
immediately began his first TDA work task. After approximately the 
same task time interval as in the simulation, the pilot completed this 
work task group and "requested" a rest period. From the voice re-
cording it appears that the astronaut was ready for this rest. This 
was the extended duration rest period (10). It lasted 3:07 and was the 
longest actual resting period in either the orbital or water simulation 
modes. 
In summary, the rest periods generally proved successful in maintaining 
a r~latively pormal energy expenditure for both the flight and the simu-
lation. The only difficulty pertaining to interpretation of the rests is that 
the astronaut performed minor tasks during his resting sess ions. 
Experiment Support Tasks 
The final task category includes those tasks which were n ot directly 
related to E VA but which required support by the E VA astronaut. 
The tasks included the Agena tether and S-010 activation, and the re-
trieval of the GL V strips. Figure 5-44 presents the comparison of the 
experiment support task category. 
The Agena tether activation was a preparation for the gravity gradient 
experiment later in the Gemini XlI mission. The Agena tether task 
took 40 seconds more in flight than the same task in the simulation. 
The energy expenditure was also greater for the orbital mode. The 
increase was due to time the astronaut spent evaluating the loose "f;oad-
stool" on top of the docking bar. This in itself would not appear to 
justify the increased energy expenditure. The astronaut's motions were 
essentially the same for both modes of this tether task. The difference 
in energy cost could be attributed to either variations induced by the 
93 
simulation or actual undefined variations dl,le tq work in a gravity free 
environment. The difference noted could easily be attributed to this 
later factor as discussed in the preceding section. 
The remaining tasks, the 8-010 activation and the GIL V I$trip removal, 
will not be discussed since the actual 8-010 hardware was not avail-
able for the simulation and since the GL V strip removal proved to be 
negligible from a time and energy standpoint. 
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Etl'lmONMErfTAL RESEARCH ASSOCIATES 
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Comments 
~----------+---------___ . _ __ .~ ____ ~___ I 
F ::)3!ticni.-;g / ~~e.strain~ Star.::::':-p familiarization Standing in space-
craft hatch 
o 
'- -5.mera. Pla2e.F."1ent-
2 .=trie -/al / F:'}:: .. 
C!:ar:ge 
Pos itiO!"li."lg / -'~estrai-n 
Came:'a Place m e!"lt -
.=Oetrieval / Eil r.o 
Ch.a.nge 
Selec~i;:,n of optimum camera) Standing in space-
place."01ent mode I craft hatch, leg :50 
tether ed 
S e;ect ':::;n of optimum came:'al Standing in space-I 1 ;50 
placi:me!"lt mod.e craft hatch, 
untethere d 
Preparation fo r camera 
pia ce."01ent evaluation outsid e 
hatc.~ a:'ea 
Spacecraft exte r-
ior, hatch area 
Sele::::cic . ..., of optimum cameral Spacecraft exter-
place."01e."lt mode, spacecraft ior, h atch area 
exterior body position 
2:55 
]:20 
Positioning / Restraint! Preparation for rest on 
handrail 
Spacecraft exter-I 4 :25 
ior>, on. handrail 
Rest (1 ) 
Attempt to clean sic windowl 
n 
4=35 r 
Optical Surface 
" 4=55 Evalu'ation ~ith <-liper cloth 
Rest (2) 
" 
I 5:50 ~ 
o :50 
: 5C 1:50 
1:501 2 :55 
2 : 5 51 3:20 
3:20 1.; :25 
4:251 1/ :35 
4~3~ 4:55 
4:5 5:50 
5:5q 6:20 
::;o ! Command pilot m9..I'ks begin -
ning of standup familia rization 
(8 minutes into umbilical EVA ) 
: 60 I Pilots I tethered position in 
cockpit was simulated in this 
tim e line. Pilot attempted to 
" brace himself rr in the cock -
pit. 
: 65 L Pilots 'body drifted 80% out of 
cockpit while attempting 
camera installation untethered 
:25 I P ilot positions h is body out-
side and over the spacecraft 
hatch - parallel w ith the fore-
aft axis of the spacecraft. 
: 65 
:10 I Pilot moves from. retro adapte 
camera position to handrail 
using both hands to maintain 
:25 
:55 
:30 
a resting position with fllS 
torso and legs extended over 
command pilot lratch~ 
c:o 
(j) 
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Task ~u!>task 
P"sitionin g / R estraintl Umbilical extension prior to 
for ,,-ard translation to 
ATDA 
Moveme[lt Tra::slation along portable 
handrail to docking bar 
rositiQn 
Spacecraft exter-
ior , on handrail 
" 
CD 
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6:20 
6:30 
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Q C 
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6:20 6 :30 
6:30 7 :01 
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:10 I Pilot simulated this task since 
umbilical was already exten.df£ 
:31 I During rest and umbilical 
extension tasks pilot maneu-
vered partially up handrail. 
At l::eginning of movement tas;' 
pilots position W'3S forward 
of hatch. 
PosiJ:ioning / Re-straintl Eval:.lation of tether dynamic~ Spacecraft/ A TDAI 7: 01 
interface 7:011 8:371 1 :36 
" 
Preparation for Agena 
" 1 8:371 8:371 . 8:-571 ;20 tether task. 
Agena Tether 
" 
I 8:57 8:5 10:37 1:40 Pilot tethered to A TDA rings 
w ith both w aist tethers. 
Positioning / Restraintl Repcsitioning on A TDA prio1 
" 110 :37 10:3 12:07 1:30 Pilot repositions both waist to S -1 0 deployment tethers to S -1 0 area loca:-
tions. 
Communications 
" 112:07112:.0 12:32 :25 
5-10 
" 
12:32 12:32 13:27 :551 Pl10t tethered to ATDA rings 
with both waist tethers . S -1. 0 
task simulated 5ecause of 
low ltdelity modrop ~haracter 
istics. 
Positioning/ Re«traint Repositioning on ATDAPri01ATDA work 113:27113:2~14:4211:15 
to velcro strip removal station 
ATDA Work Sta-
tion Preparation 
Initial pip pin placement 
" 
114:42114:42118:0913:27 
=--.- ---
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Task ~u!rtask 
Rest (]) 
Positioning / Restrain~ Preparation for translation 
aft to hatch 
Movement 
Camera Placement-
Retrieval/Film 
Change 
GL V Strip Retriev 
al 
Translation along portable 
handrail from .A TDA to 
spacecraft hatch 
Retro adapter camera film 
change 
Camera Placement-I Unstow work station carner" 
Retrie vall Fi} m 
Change 
Movement Translation on adapter 
handrail to adapter work 
station 
Positioning / Restrain4 Evaluation of work station 
and initial body positioning 
Camera Placement-
RetrieyallFilm 
Change 
Work station camera instal-
lation 
Position 
ATDA work 
station 
" 
.. 
E j:: 
C:ammenis 
"0 fi CI> 
.c .. 
-
> Q, .. ... .. 
III ... 'c g 
w - ~ 1j 
"" 
18:0'1118:09119:4911:40 I Command pilot notes"at end 
of rest period, flight plan 
time is 28 minutes into day-
light period" 
19:49119:49122:491 ]:00 Pilot notes that hook up of 
waist tethers to ELSS was 
made difficult be~ause of 
large "D" ring catching on 
pip pin. 
Spacecraft exter-/ 22:4~22:4~ 2]:2c 
ior on handrail-
:40 
spacecraft hatch 
Standing in space-! 2]:29 12]:2912]:5] 
craft batch 
:24 
" 
2]: 5]/2]: 53/25:131 1 :20 
" 
25:1]125 :1]126:1] : 60 I Pilot secures work station 
camera to ELSS. 
Adapter handrail I 26:1]\26:1]128:]81 2:25 I Pilot pauses twice to position 
umbilical during aft translation 
Total interval of · umbilical wa..d · 
30 seconds 
In foot restraints -f 28:]8/28: 381 28: 48 
in adapter 
:10 
" 
28:48128:481 ]0:011 1:1] 
co 
00 
TABLE X "C ont 'd. 
Task 
I Rebalancing Break 
I 
I 
1 
' Rest (4) 
Adapter Work 
Station Preparation 
Positioning / Restraint 
Rest (5) 
Adapter Work Task 
(A) 
Rest (6) 
Adapter Work Task 
(B) 
Rebalance Break 
Rest (7) 
Adapter Work Task 
(C) 
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E 
Position i= Eu!ltask "0 
.. 
... 
Do 
~ 
'" 
In adapter 30:01 
" 
31 :01 
" 
32:52 
Foot restraint evaluation In foot restraints 34:35 
in adapter 
" 
36:02 
A1 - A2 
" 
37:55 
" 
44:45 
B1 
- B5 In adapter 46:45 
---
62:48 
Waist tetbers only 69:53 
in adapter 
C1 
- C4 
" 71:53 
. ' 
- - -
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C:lmmc:lts 
z: 
;; 
... > 
... 
... ... 
'" 
'c 1: ... io::: .!.: Ll') 
130: 01 31 :01 :60 Pilot undertakes sborl unas-
sisted neutral buoyancy 
cbeckout. 
131: 01 Evaluation of resting witb 32: 5ic. 1 :51 
various restr.aint points. 
32:52 34:33 1:43 
34:35 36:02 1 :27 
36:02 37:55 1:53 Command pilot notes mission 
time as 44 :15 at elapsed 
time of 36:20. 
37:55 44~45 6:50 Pilot switcbes work station 
camera to 6 FPS at beginnin~ 
of tbese subtasks and returns 
camera to 1 FPS at end of 
subtasks. (simulated) 
44:45 46:45 2:00 
46:45 62:48 16:03 Subtasks B1 - B3 in foot 
restraints 
Subtasks B4, B5 on waist 
tethers only. 
62:48 69:5_ 7:05 
69:53 71 :53 2:00 
I 71 :53 77:08 5:15 Velcro strip and connector 
evaluations 
- , . -
c.o 
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Task ~u!Jtask rosition i= C:>mmc:l1s 
'0 ;; g 
.c <It 
-
> Q. ... III ... 
r.J r.J -I; .~ 
i:&i ~ io: .!.: 
Positioning / Restraint 1 R eturn to foot restraints In foot restraints I 77 : 08 \ 7 7: 08\ 77:301 : 22 
in adapter 
Rest (8) 
Adapter' Work 
Station Cleanup 
Positioning / Restraint 
Adapter Work 
Station Cleanup 
Rest (9) 
Positioning / Restraint 
Movement 
Camera Placement-
Retrieval/Film 
Change 
Rest (10) 
Movement 
.ATDA Work 
Station Task (Aj 
Preparation to return to 
spacecraft hatch 
One fo ot restraint evaluation 
Translation forward to 
spacecraft hatch area. 
/I 
/I 
/I 
" 
" 
" 
Adapter handrail 
77:30 77 :30 79:301 2 :00 
79:30 79:30 81: 0311 :331 Pilot secures handholds to 
ELSS 
81 :03 81 :03 83-::16. 2: 12 
83:15 83:15 85:321 2:1 7 I Camera and penlight retrieval 
85:32185:32\ 88:421 3:10 I Command pilot requests pilot 
to extend his rest period 
because they are ahead of 
schedule on their task/time 
line. 
88 : 42188:42\ 89:42 : 60 1 Pilot m .3.kes several attempts 
t.o veicro portable handholds 
to ELSS. Low Fidelity 
mockup prevents success. 
89: 42 \89:421 90 :46\ 1: 04 
Stowage of adapter work I Spacecraft hatch 
station camera and activation area 
90:46190 :4M 92:191 ;[:33 
of retro adapter camera 
Translation forward to 
A TDA work station 
Al 
" 92 :19192:1 9193 :041 :45 
Portable handrail \93: 04 93: 04 94 :'<l~ 1 : 05 
and ATDA 
ATDA work 
station 
. 94: 09 1 94: 091 96: 191 2 : 1 0 1 Initial portable handhold 
placement. 
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o 
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Task ~ubtask 
Rest (11) 
A TDA Work Station 1 B l - B 3 
Task (B) 
Rest (12) 
.A TDA Work Station I Cl - C3 
Task (C) 
A TDA Work Station I Jettison of pip pins, waist 
Cleanup tethers and portable hand-
holds 
A TDA Work Station 1 Dl - D2 
Task (D) 
Movement 
Camera Placement-
Retrieval/Film 
Change 
Ingress 
Handrail Jettison 
Hatch Closure_ 
Preparation 
Hatch :Closure 
Translation aft to spacecraft 
hatch area 
Retrieval and stowage of 
retro adapter camera 
Umbilical recovery, hatch 
h.olding -device deployment 
and hatch seal checkout 
Assuming seated position in 
cockpit 
Position 
ATDA work 
station 
" 
" 
" 
" 
" 
Portable handrail 
and spacecraft 
Spacecraft hatch 
area 
Standing in space 
craft hatch 
" 
" 
GI 
E ;:: Comments 
"C 
GI 
.= ~ <II .... Q. .. <II "-
til 
'" 
C COl 
i:6i .... iA: :s V) 
96:19 1 96:.19j 98:191 2:00 
98:19 198:19,101:59 3:40 I Pip pin/handhold connector 
and torque evaluation 
10~59 1101:59110354 1:55 
10354 \10];54 \11004\ 6:10 \ Torque and connector evalu-
ation with single and both 
tethers 
11004 \11004\11039 :35 
11039 \11039\113;39\ 3: 00 I Connector and torque 
re-evaluation using no tethers 
11339 113;391114:431 1: 04 
114i+3 114i+3 11&23 1 :40 I Torque wrench stowage 
11&23 11&23 116;50 :27 
11&50 11650 11 ?-.18 :28 
111?-.18 11 ?-.18 117i+7 :29 
Seated in cock- 11171+711171+7 
pit seat of space 
Hatch not closed in simula-
tion time line 
craft 
...... 
o 
...... 
TABLE XI . FLIGHT TIME LINE - FINAL ITERATION 
Task Su!Jtask 
Positioning / Restraint I Standup Familiarization 
Task 
Communications 
F;eest (1) 
Camera Placement-
Retrieval/Film 
Change 
P ositioning I Restraint 
Selection of optimum camera 
placement mode 
Preparation for camera 
placement evaluation outside 
hatch area 
C3mera Placement- I Selection of optimum place-
Retrieval/Film ment mode 
Change 
Positioning / Restraint 1 Preparation for rest period 
Rest (2) 
PositioninglRe;;traint 1 f..!mbilical extension prior to 
movement to docking bar 
Movement Translation from sic hatch 
to docking bar along portable 
handrail 
Page I of 9 
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Sic hatch 
/I 
/I 
Standing in sic 
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/I 
/I 
sic exterior 
/I 
... 
E 
i= 
"0 
<iI 
In 
Q. 
.. 
LOi 
-... 
r.I 
-
.. .., 
.r: 
'" 'c 
L;: 
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1 :52 \ 42: 42: 
52: 5 53:49 
3:01 
4:1;.0 
42: 142: 
54: 061 55 :45 
42: 142 : 
55 : 1;.51 56:30 
5:25 11;.2: 142: 
56:30 57:25 
6:2011;.2: 142: 
57:25 57:52 
6: 54 I 42: 142 : 
57: 59 59:42 
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J-1 
!: 
C:>mmc:115 
1 : 401 Pilot evaluates free floating 
tendency ",hile standing in 
s / c hatch. Pilot states that 
he cannot percieve any forces 
large enough to cause floating 
of large objects 
: 091 CP calls for a 2 minute rest 
period 
: 521 Pilot commented that this rest 
did not appear necessary as 
no real activity had occurrec 
1 :39 
:45 
:55 
Optimum (time) placement 
mode- utilized a combination 
of positioning aid from sic 
with increased freedom of 
movement while outs ide sic 
hatch 
:271 Pilot stated that he had to 
get proper position and 'f:zold 
on to something " to get 
complete rest 
1 :431 Pilot rests while holding on 
to handrail 
8:37142: 143: 1 1:05 
59:42 00:47 
9: 4 71 43: I 43 : 
00: 521 01 : 33 
:1;.11 Pilot noted slight tendency to 
'go head over heels', count-
eracted by light torque. 
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Task ~ubtask Position 
Pos itioning / Restraint I Evaluation oE tether dynamic.s\ S / C exterior, 
tethered to hand-
rail 
., 
E j.:: 
"0 
GI 
.: en 
-
Q. "- <II 
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c 
w - i.:: I/) 
10:351 43: 1 43: 
01 :40\ 08 :25 
sic exterior, 4 12:23 143 : 143 : 
tethered to ATD. 03:28 05:48 
Agena Tether. 
rings 
sic - ATDA 1 14 : 59 1 43 : 143 : interface 06: 04 06: 52 
Positioning/ Restraint I Preparation for rest 
Rest (3) 
" 
15: 52 143: 43: 
06:5 09:04 
S-10 
" 18:03 43: 43 : 
09:08 12:47 
Positioning/Restraint / R e position ing on ATDApriorl ATDA w0rk 
to work station setup station 
21:48 43: 43: 
12:53 13:33 
" 
22:47 43: 43: 
13:52 14:5c. 
A ~DA Work Station 1 Initial evaluation - setup of 
Preparation A TDA work station 
R e st (4 ) 
" 23:58 143: .43: 
15:03 2IJ:11 
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;; Comments 
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~ 
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1: 4.51 Concomittant evaluation oE 
ELSS cooling capacity. 
Evaluation similar to effects 
during standup EVA. Slight 
cooling of extremities. 
2: 201 Slight disturbance to Agena 
during task due to speed of 
movement. Slight problem 
with hookup of docking bar 
clamp. 
:38 1 Command pilot states that per-
formance so far is faster 
than target and calls for rest 
period. 
2:071 Pilot notes rough edged mat-
erial on sic sep. plane. 
3 :391 Some difficulty evidenced due 
to i requirements for fine hand 
operation, and to avoid touch-
ing experiment surface. 
:40/ CP photographed pilot tether 
restrained position 
1: 061 Pilot commented on possibil-
ity of kicking L band antenn a 
43:16:05 - 43:17:45 (melO-
5:081 sages to Houston) 43:18:28 
CC suggested slow down d ue 
to elevated heart rate 
TABLE XI· Cont'd. Page 3 of 9 EHVIRONMENTAL RESEARCH ASSOCIATES 
GO 
E 
Task Position i= Comments Subtask 
"C 
'" .c 
ii 
VI 
-
> 
a. ... VI .. 
!! 
"' 
'c 
'" en ~ -w .E 
Fositioning l."<:estraintl Initial ATDA work station ATDA work 129:091 43: J43: I :4~ Initial evaluation of velcro 
setup station 20:1 21: 03 handholds and placement of 
handholds for later w::Jrk 
station tasks. CP orders 
return to hatch at 41: 21 : 03 
Communicati:::::s E valuation of ice fo rma.tion sic exterior 30:01 43: 4.1: 1:1 Pilot comments that docking 
or. H2 vent 21 :0 22:22 clamp should not be used as 
handhold since it might come 
loose. 
Movement R eturn to s i c hatch sic exterior on 31 :19 43 : 43: :44 Pilot asks CP to check umbiJ 
t-' portable handrail 22:2 23:08 ical condition 0 
standing in hatch c:..:> 
Camera Placement - Film change for 70mm sic hatch I 32: 20 I 43: .:J 43: I :2t Retrieval IFilm f..fa urer. 23:2 23:51 
Change 
GL V Strip ."<:elrieva..4 
" 
I 33:021 43: 43: 1 ,3
1 
s'ow",. of • • 'rips sUgb' 
24:0 25:43 concern to pilot 
Camera Placement - Stowage of adapter work 
" 
34:42 43: 1: 1 Required pilot to connect 
Retrievall Fiim station camera on E LSS 26:59 auxiliary tether then velcro 
Change cameras to ELSS. 
Positioning I Restraint Umbilical feed out prior to 
sic .... rior 0"1 36 ,o5 43: 43: :2c movement to adapter portable handrail 27:1 27:36 
Movement Translation from portable Along retro-equi 36:37 43: I 2:01 Includes routing umbilical handrail along retro-handrail ment adapter 29:44 through pigtail and initial 
to pigtail exterior entry into the foot restraints. 
CP comments that pilot is 
perturbing entire 's I c due -to 
'motions 
~ 
o 
.::. 
TABLE :xI Cont'd . Page 4 of 9 ENVIRONMENTAL RESEARCH ASSOCIATES 
Task 
Camera Placement -
Retrieval/ Film chang 
Res! (5) 
Subtask 
Initial setup and checkout of 
adapter work station camera 
Positioning / Restraint 1 Foot restraint evaluation 
Communications 
Work Station Pre-
paration 
Rest (6) 
Work Station Pre-
jParation 
Penlight deployment 
Camera activation 
Camera Activation 
Position 
Foot restraints-
facing adapter 
w:>rk station 
4> 
E j:: 
~ 
COl 
In 
Q. 
'" W 
38:40 
.z= 
-
... 
In 
'" 
'c 
-
i4 en 
43: 1 43: 
29:45/ 32:07 
In foot restraints I' 41: 021 43: I 43: 
in adapter 32: 0;;1 33: 04 
In foot restraints I' 42: 09 1 43: 1 43: 
in adapter 33:14 36:04 
In foot restraints I 45: 01 
in adapter 
43 : 143 : 
36: 06 36:47 
In foot restraints 
in adapter 
In foot restraints 
in adapter 
45:47 143: 143: 
36:52 37:30 
46:27143: 43: 
37:313 38 :1;; 
-;; 
> 
... 
COl 
-.5 
2:22 
:57 
Comments 
Pilot observes that linkage 
on camera bracket is broken 
(push bar mechanism which 
operates ball detent ) 
Pilot comments that his left 
heel seems to be riding a 
little high in the foot restrain 
2: 501 Pilot observes neutral suit 
position, movement in fore 
and aft direction return to 
neutral position . Pilot leans 
back parallel to longitudinal 
spacecraft axis {similar to 
exercise in water immersion 
simulation}. Pilot comments 
that this m ·:lfleuver is "a 
little bit harder" than the 
same maneuver in the water 
{greater leg force}. 
: 41 
:38 
:40 
Pilot and CP discuss adapter 
camera condition and umbili-
cal condition 
Pilot observes that one pen-
light is "bulged" apparently 
from heat. 
47: 1 7143: 43: 1 2: 09 
38:22 40:31 " 
Pilot observes that camera 
appears to be working 
" 49:37143: J 43: 40:42, 43:1c 2:3~ttempt to activate work station camera not s uccessful 
TABLE :xI _ Cont'd . Page 5 of 9 EHVIRONMENTAl RESEARCH ASSOCIATES 
~ 
E 
Task Position 
j:: 
Comments Subtask "0 
CO> ~ ~ III 
-
Q. ... III ... 
IU IU 'c .!::! W - ~ .5 In 
Adapter Work Task 1 Torque evaluation In Eoot restraintsl 52 :11 43: j 43: \ 7:21 Pilot notes that he had diffi-(A) Connector .operation in adapter 43:2 50:43 culty removing wrench from 
work station pouch. 
Rest (7). 
" 159:38 143: 43: 
50:43 52:18 1 :35 
Adapter Work Task 1 Cutter evaluation 
" 161 : 17 143 : 44: : 10: 53 \ Pilot notes cutting wires is a (B1 ) 52:22 03:15 one handed task; cutting fluid 
disconnect is relatively diffi-
cult- and is a two handed 
operation 
.-. I Pip pin and portable handho14 
" Pilot comments " medium 0 evaluation ELSS flow with monitoring c:.TI 
is adequate " for work tasks 
accomplished so Ear 
Saturn bolt removal 
" 
Remove right waist tether 
If from ELSSj attach to work 
station ring. Remove lett 
tether from E LSS and attach 
to work station 
Saturn bolt evaluation Waist tethers only 1 Pilot encounters difficulty with 
in adapter melted rubber retainer on 
Saturn bolt causing increasea 
work load because of need 
to use both hands to remove 
bolt. jRest (8) 172:11 1441 144: · 
03:16 04:201 1:04 
.... 
o 
Q) 
TABLE :xI- Cont'd. 
Task 
Adapter WQrk Task 
(B 2 ) 
Rest (9) 
Subtask 
Saturn bolt evaluation 
Hook an d ring evaluation 
Adapter Work Task I Velcro strip evaluation 
(C) 
Page 15 of 9 
Position 
Wa ist tethers only 
in adapter 
" 
" 
" 
Center connector evaluation 
" 
Left hand connector 
evaluation 
Right hand connector 
evaluation 
/I 
" 
Q> 
E j:: 
~ 
GI 
OIl 
0-
"' W 
-
.. 
"' Vi 
~ 
OIl 
'c 
i6: 
EHVIRONMENTAl RESEARCH ASSOCIATES 
;; 
» 
.. 
GI 
-.E 
Comments 
73: 25 1 44 : 1 44: 16 :24 
04 : 3Cl 10: 54 
Pilot n otes that "s aturn bolt 
workspace is w a y too close 
to the tether"_ 
79:53 44 : 
10:5c 
44: 
12:2 
81 : 32 1 44: 1 44 : 
12:3/116:19 
Pilot comments that "small 
ring requires mo.re delicate 
handling to get proper posit.'or. 
in hand". 
1 : 311 CP and pilbt c onsult their 
respective task check lists. 
Pilot notes 'feet are actually 
chilly" . 
3 :421 CP comments "running 4 
minutes behind schedule" 
before this task begins. 
Pilot notes that body position 
is not a problem for center 
conne·ctor. 
Pilot notes that left hand con-
nector task is /I a bit more 
difficult" because of lack of 
handholds. 
Pilot notes that right hand 
connector is "quite an easy 
one /I 
Adapter Work Sta -
tion Cleanup 
Retrieve work station 
camera 
In foot restraints I 85:36 
in adapter 
44: 144: 
1641 18:55 
2: 141 Pilot reports difficulty detach-
ing camera from bracket. 
Task completed after only 
slight delay. 
Movement Translation along retro/equipf Adapter handrail 
ment adapter to s/c hatch 
88:37144: 
19:4;: 
44: 
20:1 
:311 Pilot notes that work station 
camera almost tangled in pig-
tail as he Founded the adapter 
separation plane. 
..... 
o 
-;J 
TABLE :xI - Cont'd . 
Task 
Camera Placement -
Retrieval/ Film 
Change 
!Movement 
A TDA Work Station 
Task (.J3. ) 
Rest (10) 
Page 7 of 9 
~ubtask 
Exchange cameras. Pilot 
hands in work station camer" 
CP gives pilot retro -adapter 
camera 
Translation from sic hatch 
to A TDA w;:)r k s tation 
!'osition 
Spacecraft 
exterior hatch 
area 
Spacecraft exter-
ior Portable 
handr ail to space 
craEt/A TDA 
interface 
Pip pi."l and portable hand- I A TDA work 
hold evaluation. ( Initial place-! station 
ment) 
1/ 
A T DA Work Station 1 P ip pin and por table hand-
Task (b ) hold evaluation . ( Dynamic 
evaluation ) 
" 
Rest (11 ) 
Fluid and electr ical discon-
nect evalu ation 
Apollo torque wrench evalu-
ation 
" 
GI 
E 
i= 
'0 
.. 
<II 
CL 
'" W 
-
.. 
'" 
-\I) 
..: 
<II 
'c 
i:i: 
89:21 1 44: 1 44: 
20:28 23:001 
ENVIRONMENTAL RESEARCH ASSOCIATES 
~ 
.. 
~ 
..: 
Comments 
2 :341 P ilot installs retro-adapter 
camera and m 3kes exposure 
settings 1/250 at 6 frames 
per second 
91:5~ 44: 1 44: I 1:14 
2J.02 24:16 
93:21 144: 
44, 1 24 : 26 26 : 3 
95 : 54 144 : 44: 
26:59 30:0(; 
99:10 144: 44 : I JO:15 34 : 01 
~02:27 1 44: 1 44: 
34:02 35:56 
2 :13 Pilot requests a rest period 
after initially placing pip pins 
and handholds . 
3:07 
J :461 P ilot c omments " p ip p ins 
that swivel are not adequat e 
as handholds " 
1: 54 1 Pilot comments "Looks like 
a panel on the back of the 
Agena is a little loose". 
Closer examination during rest 
period r evealed electrical 
umbilical panel that failed to 
"slam shut on left-off" 
~ 
o 
CD 
TABLE :xI - Cont'll Page 8 of 9 
~ 
E 
Task Subtask Position 
i= 
"'0 
g 
.c III 
-
Q, ... III 
"' "' 
'c 
L;j 
- io:: ell 
ATDA WorkStatio1 Apollo torque wrench evalu -I ATDA work 
TaBk (cJ ation station 104 : 514 44 : I 44: 35:56 42 : 21 
Observation and 
Final Work Station 
Cleanup 
Mo vement 
Optical Surfac~ 
Evaluation 
Com m unications 
Umbilical Stowage 
Torque re-evaluation using 
only one waist tether 
Torque re-evaluation using 
no tethers 
Jettison of pip pins, waist 
tethers and portable hand 
holds 
TDA work task using no 
tethers (electrical connector 
evaluation) 
" 
" 111:1Cl44: 144: 42:21 43:02 
Translation to sic hatch alond Spacecraft exter-1111: 5 /1 44: 144: 
portable handrail 1 ior/portable handt 143:02143:53 
Attempt to clean sic window 
with wiper cloth 
Positioning 
rail 
Spacecraft exter-1112: 55 
ior 
Portable handrail 
and CP window 
44: 144: 
44:00 44:55 
Spacecraft exter-1113: 54144: 144 : 
ior on portable 44: 59 45: 41 
handrail 
Spacecraft exter-1114: 36144: 144 : 
ior on portable 45:41 116:24 
handrail, hatch 
area 
ENVIRONMENTAL RESEARCH ASSOCIATn 
;; Comments 
> 
... 
.!!! 
..5 
6:25 1 Pilot notes that " the only 
things that are coming close 
to being warm ;ire my arms I. 
He attributes this to the 
"close fit of the suit in the 
arms II, 
Pilot notes his contact points 
to be "right arm, right waist 
tether, and right foot", 
:411 Pilot makes one last check of 
left hand thrusters 
:51 
: 55\ Pilot notes that IIAgena tether 
looks hooked up and the dock-
ing bar clamp is engaged" 
:42 
:43 
..... 
o 
CO 
TABLE :xI - Cont'd . 
Task 
Ingress 
Thruster Checkout 
Task 
Handrail Jettison 
Hatch Closure 
Preparation 
Hatch C;osure 
I 
I 
Page 9 of 9 
... 
E 
Position 
j:: 
~lIbtask 
"0 
Col 
11\ 
Q. 
~ 
i:Oj 
Equipment Stowage Standing in spaCE 115 :1( 
craft hatch 
V isual obser v ation s S tanding in space 116 : 5E 
craft hatch 
" 
118:56 
---
C;earir.€ of hoses and equip-
" 
119 :40 
ment . Checking hatch seal 
area . D eploy hatch holding 
device . 
Hatch locks in locked posi - Seated in cockpit 121 :01 
tion seat of spacec;"afi. 
EHVIRONMENTAl RESEARCH ASSOCIATES 
- -
Comments 
.c 
r; 
-
,. 
... 
11\ ... 
.. 'c Col 
-
~ :E r.n 
44 : 44 : 1 : 24 
46:24 47:48 
44: 44: 1:49 Pilot notes that on comparison 
48 :01 49 : 50 the thruster in question does 
not appear to w ork efficiently 
44: 44: :44 
50:01 50:45 
44 : 44 : 1:05 Pilot comments that hatch 
5 0:45 51 : 5 0 seal is clear except for some 
IIfle cks of d ust". 
44: Final hatch lock activated at 
-- --52:06 2 minutes before sunset. 
-
~ 
~ 
o 
TABLE--:tII - AIRCRAFT 
Task 
Movemen t 
Restraint 
" 
Restraint 
Positioning 
Agena Tether 
Positioning 
Agena Tether 
SIMULATION TIME LINE - FINAL ITERATION 
Subtask 
Translate up handrail to 
docking cone 
Attach left waist tether to 
TDA ring 
Attach right w '~ist tether to 
TDA ring 
Evaluating position with 
tether s while a ttli.ched to 
TDA 
Adjusting position on tethers 
Attach tether to docking bar 
Maneuver to favorable posi-
tion to activate docking bar 
clamp 
Docking bar clamp activation 
Position 
H3.ndrail 
Handrail 
/I 
TDA 
TDA 
TDA 
TDA 
TD.A 
... 
E j:: 
't:I 
GI 
en 
Q. 
!O 
W 
o 
Page lof 2 ENVIRONMENTAL RESEARCH ASSOCIATES 
-
... 
!O 
-II) 
o 
8 .1 
20 . 8 
34 . 6 
37.1 
55.5 
56.1 
59.7 
75.0 
76.2 
.s:: 
en 
'2 
ii: 
8.1 
J 
... 
~ 
..E 
Comments 
8,'1 I Aircraft simulation does not 
use a spacecraft mockup for 
this s ubiask ; only the 
TDA and handrail. 
20 .8112.7 
34. 6 113.7 1 N o tether was attached to the 
handrail ring. 
37.1 I 2 . 5 I B lackout: Time between z erc 
gravity parobolas on film. 
55 . 5 118.3 I Camera is faded out as sub-
ject appears to lose hig- zero 
gravity mode . 
56.1 . 6 I Blackout 
59.7 13.7 
75. 0 115.2 I Time measured to point w hen 
tether is pulled tight on dock-
ing bar 
76.2 I 1.2 I Blackout 
82. 6 I 6.5 
r2 . 6 195.8113.2 
~5. 8 101.9 6: 0 I Blackout 
~ 
~ 
~ 
TABLE-:1ll - Cont'd. Page 2 of 2 
Task ~ubtask Position 
~-------+-------- .. - -... _+_._---
S - 10 
S - 10 
S -10 
Restraint 
" 
Movement 
Camera Task 
Torque Task 
Farring removal and 
jettison 
S - 10 removal from slots 
S - 10 placement on velcro 
Detach right waist tether 
from TDA 
Detach left w3.ist tether 
from TDA 
Translation back handrail 
from TDA towards space-
craft hatch 
Install Work station camera 
Torquing operation on fixed 
bolt 
TDA 
1/ 
TDA 
1/ 
1/ 
Adapter work 
station 
" 
~ 
E j:: 
~ 
GI 
ell 
Q. 
~ 
101 
ENVIRONMENTAl RESEARCH ASSOCIATES 
-
.. 
"' 
-ell 
.z: 
ell 
-E 
io:: 
i 
.. 
~ 
oS 
Comments 
101.9/115.41 13.5 / Appears to be time missing 
at the beginning of this task 
115.4 119. ~ 4.5 
119.9 129. 9.1 1 Blackout 
129.0 149.0 20.0 
149.0/150.8 1.81 Blackout 
150.8/ 156.0/ 5 . 2 1 Pilot re-attaches this tether 
to his ELSS 
156.01170.41 14.3/ Pilot re-attaches this tether 
to his ELSS 
,170.4/186.41 15.9/ Pilot moves back to end of 
handrai~ During this transla-
tion he turns 180· at approxi-
mately half way down hand-
rail. 
\238 .5 \ 250 • 8 \ 12.31 This task is not complete 
on film 
\250 .8 I 293. 21 42.4/ Film ends before this task 
is complete 
TABLE XIII 
TIME COMPARISON OF CAMERA RETRIEVAL AND PLACEMENT TASKS 
TASK ORBITAL>t): WATER ~ 
SIMULATION 
MOVEMENT FROM TDA TO SPACECRAFT HATCH 40 44 
RETRO CAMERA RETRIEVAL a INSTALLATION 24 26 
GLV STRIP RETRIEVAL 80 96 
WORK STATION CAMERA RETRIEVAL 60 72 
~ TIME-SECONDS 
112 
"""'" 
"""'" c:.v 
TABLE :nY. FLIGHT TIME LINE-WORK STATION TASKS - DETAILED ANALYSIS 
GO 
E 
r'osition i:: Task !::.I!rtask ~ 
.. 
<II 
a. 
~ 
iii 
Adapter Work Task 
(A) 
Torque In foot restraints 52:17 
Electrical connector (center) 
" 57:57 
Adapter Work Task Cutter 
" 61 :17 (E 1 ) 
Pip pin and portable hand-
" 64:4 6 hold 
Saturn bolt /I 66:50 
Attach w'3.is t teth ers to work Waist tethers only 68:39 
station, r em o ve feet from 
restraints an d e v aluate body 
dynamics 
Saturn bolt 
" 
70:20 
Adapter Work Task Saturn bolt 
" 73 : 25 (B2 ) 
Hook and ring 
" 76:26 
Page I of 3 Efl'lrrtONP.1HJ1AL RESEARCH ASSOCIATES 
-
. 
C:lmmc:1ts 
z: ~ 
-
> 
... 
<II ... 
~ ·2 .~ 
- iZ .!: "'.., 
43: 43: 5:40 Pilot notes difficulty removing 
43:22 49:02 wrench from pouch. 
43: 43: 1:41 Pilot notes that " crease in 
49:02 50:43 glove on thumb" is beginning 
his hand trouble. 
43: 43: 3:29 Pilot comments that "medium 
52:22 55:51 ELSS flow with monitoring 
is adequate" for work tasks 
accomplished so far. 
43: 43: 2:04 
55:51 57:55 
43 : 43: 1:49 
57:55 59 : 44 
43: 44: 1:41 
59:44 01:25 
44: 44: 1:50 Pilot encounters difficulty with 
01:25 03:15 melted rubber retainer on 
Saturn bolt causing increasec 
work load because of need 
to use both hands to remove 
bolt. 
44: 44: 3:01 Pilot notes that "Saturn bolt 
04:30 07:31 workspace is way too close 
to the tethers". 
44: 44: 3:23 Pilot comments that "small 
07:31 10:54 ring requires more delicate 
handling to get propel:' posi-
tion in hand. " 
~ 
~ 
"'" 
TABLE :xot. Cont'd. 
T3Sk ~u~task 
Adapter Work Taskl Velcro strip e-..aruation 
(C) 
TDA Work Task 
(aJ 
TDA Work Task 
(b) 
rEA Work Task 
(c) 
Center connector evaluation 
Left hand connector evalu -
ation 
Right hand connector evalu-
ation 
Pip pin and portable hand-
hold evaluation (initial place-
ment) 
Pip pin and portable hand-
hold evaluation (dynamics 
evaluation) 
Fluid and electrical discon-
nect evaluation 
Apollo torque wrench 
evaluation 
IAPollo torque wrench 
evaluation 
Page 2 of 3 Erl'llnONMErll'Al RESEARCH ASSOCIATES 
~ 
E 
r-osition i= Camme:1ts ~ ~ ~ 
.c III 
-
> 
a- ... III ... 
Q Q ·s .":! 
~ 
-
iZ ,!; I.;) 
Waist tethers onlyl 81: 32 144: 1 44: 
in adapter 12:37 13:13 
:36 I CP comments "running q 
minutes behind schedule" 
before this subtask begins. 
1/ 
" 
" 
TDA work 
station using 
waist tethers 
1/ 
" 
" 
1/ 
82: 08 1 44 : 1 44: 
13:13 13:52 
82: 57144: 144: 
14:02 14:37 
:39 I Pilot notes that body position 
is not a problem for center 
connector. 
:35 1 Pilot notes that left hand 
connector is "a bit more 
difficult" because of lack of 
handholds. 
83: 321 44 : I 44: I 1: 42 
14 :37 16:19 
Pilot notes that right hand 
connector is /I quite an easy 
93: 21 \44 : 1 44: I 2: 13 
24 :26 26:39 
one" . 
Pilot requests a rest period 
after initially placing pip pins 
and handholds. 
99:10144 : 44: : 581 Pilot comments "pip pins 
30:15 31:13 that swivel are not adequate 
as hand holds • " 
10008144 : 44: 2:12 
31:13 33:25 
10220144: 41+: I :36 
33:25 31+:01 
104:51\44: 144: 12:27 
35:56 38:23 
Pilot notes that "the only 
things that are coming close 
to being warm are my arms' 
He attributes this to the " . 
"close fit of the suit in the 
arms" • 
..... 
..... 
CJ1 
TABLE :xm Cont'd. 
TilSk 
I 
TDA Work Tas k 
( C ) 
( C ontinue d ) 
Su!Jtask 
Torque r e - evai -..:ation us ing 
only right waist tether 
Torque re- e vai~ation us ing 
no te ther s 
Page 3 of 3 
<II 
E 
rosilion i= 
"0 
COl 
VI 
a. 
'" L;:; 
-rDA w 'ork 107'.18 
station using right 
w a ist teth e r only 
T DA work 10915 
s tatio n 
no reslzraints 
EfI'JmONM£rJ1AL RESEARCH ASSOCIAm 
. 
Comment:; 
.c ~ 
-
> 
... 
VI ... 
<lI 'c .~ 
.:; io: ~ 
44 : 44 : 1 :57 Pilo t notes his contact points 
38:23 40 : 20 to be "rig ht arm , rig ht 
wais t t e ther and right foot". 
44 : 44: 2:01 
40:20 42 :21 
-
...... 
...... 
CJ) 
TABLE XV 
Task 
Ad3.pter Work 
(A) 
Adapter Work 
(B ) 
Task 
Task 
~u!Jtask 
Torque evaluation 
Torque task - loosening 
evaluation 
Torque task-tightening 
e valuation 
Torque task-1 / 2 inch bolt 
e valuation 
Center connector evaluation 
Cutter evaluation 
Pip pin and portable hand-
hold evaluation 
Satur n bolt removal 
Saturn boJt removal 
Hook and ring evaluation 
Poge I of 2 
'" E
r'osi lion i= ~ 
<;I 
<II 
-
a. ... 
'" '" i:i:i -... .,
In foot restraints 37:55 3 7:55 
in adapter 
/I 38:55 38:55 
/I 40:20 40:20 
/I 41:20 41:20 
" 
42:40 42:40 
" 
46:45 46:45 
/I 50:10 5 0:10 
" 
50:58 50:58 
Waist tethers only 52:41 52:41 
in adapter 
" 
59:28 59:28 
ErJ'JmONP.o1£rI1AL RESEARCH ASSOCIATES 
Comments 
.c 
.. ,.. 
II> ... 
°c 
'" i.A: 1j 
38:55 :60 Pilot removes torque wrench 
from pouch and adjusts torque 
dial for loosen ing oper ation 
on fixed bolt ° 
40:20 1 :25 
41:20 :60 
42:40 1 :20 
43:50 1:10 
50:10 3:25 
50:58: : 48 
52:41 1:43 Pilot hooks up left and ri~ht 
waist tethers ° 
59:28 6:47 Pilot removes both feet from 
restraints at beginning of this 
subtasko 
Pilot comments that "he broKi 
rubber retainer strip around 
bolt" during removal task ° 
62:48 3:20 Pilot sets camera at 6 FPS 
for this task ° 
I 
I 
~ 
~ 
-:J 
TABLE:::zJr.. ~ont·d. 
Task 
Adapter Work Task 
(C) 
TDA Work Task 
(a) 
TDA Work Task 
(b) 
TDA Wqrk Task 
(c) 
I 
~u!ltask 
Nylon and steel velcro strip 
evaluation 
Center connector evaluation 
Left hand connector evalua-
tion 
Right hand connector 
evaluation 
Pip pin and portable hand-
hold evaluation (initial place-
ment) 
Pip pin and portable hand-
hold evaluation 
Fluid and electrical discon-
nector evaluation 
Apollo torque wrench 
evaluation 
Apollo torque evaluation 
Electrical and fluid connector 
evaluation 
Torque re-evaluation 
Connector evaluation 
Tc;rque re-evaluation 
Page 2 of 2 
... 
E 
Position i= 
-,:, 
... 
III 
~ 
~ 
io::i 
Waist tether only 71 : 53 
in adapter 
" 
72 :58 
" 
73:18 
" 
76:18 
Two waist tetherll 94:09 
" 
98:19 
/I 99:25 
" 
10024 
One waist tether 10354 
only 
" 10M7 
" 107:54 
No tether 11(}39 
" 111:54 
Erl'JmONP.1E~nAl RESEARCH ASSOCIAl£5 
----
-
- -
C:>mmcn1s 
~ ~ 
-
> 
.. III .. 
·c ... Q 
1] ;;:; io:: 
71:53 72:23 :30 Pilot adjusts his tethers and 
and changes camera setting 
at end of this subtask 
72 : 58 73:18 :20 
73:18 76:18 3:00 Pilot changes camera back 
to 1 FPS at 73:03 
76:18 77:08 :50 
94:09 96:19 2:10 
98:19 99:2!- 1:06 
99:25 1002~ :59 
10024 101:59 1:35 
10354 10M'i :23 
10M7 10'1:54- 3:37 
107:54 110:04- 2:10 
11(}39 111:54- 1:15 
111:54 11.3;35 1:45 
-
TABLE ~ 
ELECTRICAL CONNECTOR TASK COMPARISON 
CONNECTOR DESCRIPTION ORBITAL ~ WATER ~ SIMULATION 
PORT 35 180 
CENTER 39 20 
STARBOARD 102 50 
(I- TIME - SECONDS 
118 
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TABLE XVII 
BIOMEDICAL INSTRUMENTATION COMPONENTS FOR THE 
WATER SIMULATION 
SENSOR PRIMARY BACKUP 
02 Content (exhaust) Beckman type E2 Beckman typeDI 
Perkin Elmer 
C02 Content (exhaust) Liston -Becker (nd) 
Type AS 
F1sher - Porter 
Airflow 
'Florater' (nd) 0 
Skin Mounted 
EKG Electrodes 0 
(sternal) 
Impedance 
Respiratory Rate 0 Pneumograph 
Thermistor Probe 
Skin Temperature 0 (posterior to earlobe) 
119 
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o 
CODE 
A 
B 
C 
0 
E 
F 
G 
H 
TABLE :JJlIII 
RESULTS OF BIOMEDICAL ANALYSIS OF GEMINI XII PREFLIGHT SIMULATION 
ASTRONAUT ALDRIN 
TASK 
BTU/Hr. HEART RESP. BODY 
Ft.2 RATE RATE TEMP. 
Resting In Water 63.7 65 12 971 
Agena Tether Task 38.2 85 15 97.0 
Adapter Work Task 53.1 90 24 97.8 
Torque Wrench Evaluation 40.6 95 18 96.6 
Velcro Evaluation 57.2 75 18 97.6 
Apollo Torque Wrench Evaluation 37.3 80 12 97.8 
Working On Line 39.0 65 21 97.9 
Working On Line 69.3 100 27 98.2 
CO2 
.47 
I 
I 
.57 
.62 
.50 
.70 
.50 
.45 
.75 
..-
N 
..-
TABLE :xII. 
RESULTS OF BIOMEDICAL ANALYSIS OF GEMINI:xI[ PREFLIGHT SIMULATION 
CODE I 1 I BTU/Hr. I HEART RESP. BODY I TASK 
Ft.2 I RATE CO2 ! RATE TEMP. 
A Resting 37.5 65 6 979 
-
., 
B Working - No Suit 54.3 I 70 12 974 
-
I ! C Resting - No Pressure 19.2 I 65 9 976 i -
0 Working -No Pressure 68.2 100 18 91.7 -
E Resting - Pressurized 19.0 65 15 978 -
F Workln g - Pressurized 82 .1 150 27 98.2 .9 
G Resting - Pressurize d 21.1 100 IS 98.4 .4 
- Resting - 5 % CO2 12.6 130 27 99.4 .6 
-
Worklng - 5% CO2 165.0 135 28 99.9 
off 
scale 
1---- - - --- - - - --- - - - - -- -
-----
~ 
l\.:) 
l\.:) 
TABLE:XX TASK TIME - TASK ENERGY COMPARISON 
-
--
ELAPSED TIME 
TASK (min.:sec.) 
Flight Preflight Flight 
Simulation 
Po~itioningjRe~traint 0:00 0 :00 1:40 
~e~t (1) 1:52 4:35 :52 
Camera P1acement- 3:01 : 50 1:39 Retrieva1jFi1m Change 
?ositioningjRe~traint 4:40 2:55 :45 
Camera P1acement- 5:25 3:20 :55 RetrievaljFilm Change 
Po~itioningjRe~traint 6:20 4:25 :27 
Rest (2) 6:54 5:50 1:43 
Po~itioningjRe~traint 8: 37 6:20 1:05 
Movement 9:47 6:30 :41 
Po~itioningjRe~traint 10:35 7:01 1:45 
A~ena Tether 12:23 8: 57 2:20 
Po~itioningjRe~traint 14:59 10:37 :38 
Re~t (J) 15:52 18:09 2:07 
S-10 18:03 12:32 3:39 
Po~itioningjRe~traint 21:48 13:27 :40 
TDA Work Station 22:47 14:42 1:06 Preparation 
Rest (4) 23:58 31:01 5:08 
Po~itioningjRe~traint 29:09 19:49 :49 
Movement 31:19 22:49 :44 
Camera Placement- 32:20 23:29 :26 RetrievaljFilm Chan~e 
GLV Strip~ 33:02 23:53 1:36 
Pa(Je I af 3 
TASK TIME 
(min.) 
Preflight 
Simulation 
:50 
:25 
:60 
:25 
:65 
:10 
:30 
:10 
:31 
1:56 
1:40 
1:30 
1:40 
:55 
1:15 
3:27 
1:51 
3:00 
:40 
:24 
1:20 
ENVIRONMENTAL RESEARCH ASSOCIATES I 
TASK ENERGY eoST 
(BTU) 
Increment Flight Preflight Increment 
Simulation 
+ 0.84 12 5 + 7 
+ 0.45 10 5 + 5 
+ 0.65 31 11 + 20 
+ 0.33 11 9 + 2 
- 0.06 12 17 - 5 
+ 0.28 3 2 + 1 
+ 1.22 11 2 + 9 
+ 0.91 13 1 + 12 
+ 0.16 12 1 + 11 
- 0.18 24 5 + 19 
+ 0.66 37 17 + 20 
- 0.87 5 23 - 18 
+ 0.45 19 9 + 10 
+ 2.73 72 10 + 62 
- 0.58 14 13 + 1 
- 2.35 28 56 
-
28 
+ 3.28 198 .26 +172 
- 2.12 20 6 + 14 
+ 0.06 14 4 + 10 
+ 0.03 9 3 + 6 
+ 0.27 33 15 + 18 
-
...... 
t-.:) 
CJ.:) 
TABLE:XX Cont'd. 
TASK 
Camera Placement-
RetrievaljFilm Chan~e 
Positionin~jRestraint 
r."..ovement 
Camera Placement-
RetrievaljFilm Change 
Rest (5) 
PositioningjRestraint 
Work Station Pre para-
tion 
Rest (6 ) 
Work Station Prepara-
tion 
Adapter Work Task 
(A) 
Rest (7) 
Adapter Work Task 
(B' ) 1 
Rest (8) 
~dapter Work Task 
(B2 ) 
Rest (9) 
Adapter Work Task 
(e) 
Adapter Work Station 
Cleanup 
lMovement 
Page 2 of 3 
-
£LAPSED TIME TASK TIME 
(min.: sec.) (min.) 
Flight Preflight Flight Preflight 
Simulation Simulation 
34:42 25:13 1 :12 :60 
36:05 
- :26 
-
36: 37 26: 13 2:02 2:25 
38: 40 28: 48 2:22 1:13 
41:02 36:02 : 57 1 : 53 
42 :09 28:38 2:50 :10 
45:47 32:52 1:18 1:43 
47:17 44:45 2:09 2:00 
49:37 J 2 :36 -
-
52 :17 37:55 7 :21 6: 50 
59: 38 69:53 1 :35 2:00 
61:17 46:45 10:53 6:56 
72:11 77:30 1:04 2:00 
73 :25 52:41 6:24 10:07 
79:53 85:32 1:31 3:10 
81:32 71:53 3:42 5:15 
85:36 79:30 2:14 3:50 
88:37 89:42 :31 1:04 
ENVIRONMENTAl RESEARCH ASSOCIATES 
TASK ENERGY 1:0ST 
(BTU) 
Increment Flight Preflight Increment 
Simulation 
+ 0.20 24 17 + 7 
+ 0.43 8 
- + 8 
- 0.38 42 41 + 1 
+ 1.15 73 7 + 66 
- 0. 93 24 25 - 1 
+ 2.66 54 1 + 53 
- 0.42 18 25 
- 7 
+ 0.15 28 21 + 7 
+ 2.60 36 
-
+ 36 
+ 0.52 146 110 + 36 
- 0.42 18 33 - 15 
+ 3.57 187 79 + 108 
- 0.93 19 45 - 26 
- 3.43 146 126 + 20 
- 1.65 21 21 0 
- 1.33 71 140 
- 69 
- 1.60 59 58 + 1 
- 0.55 12 20 
-
8 
...... 
t-.:) 
>I:>-
TABLE XX Cont'd. 
TASK 
Camera Placement-
RetrievaljFilm Chanfe 
Movement 
TDA Work Station 
. Ta~k (a) 
Re~t (10) 
TDA Work Station 
Task (b) 
R~st (11) 
TDA Work Station 
Task (c) 
Observation and Final 
Work Station Cleanup 
lMovement 
Optical Surface 
Evaluation 
Umbilical Stowage 
Inrress 
Thruster Checkout 
~~ndrail Jettison 
Hatch Closure 
Preparation 
Hatch Closure 
Page 3 of . 3 
ElAPSED TIME TASK TIME 
(min.:sec:.) (min.) 
Flight Preflight Flight Preflight 
Simulation Simuliltion 
il9:21 90:46 2:3 4 1:33 
91:59 93: 04 1:14 1:05 
93:21 94:09 2: 13 2:10 
95: 54 92: 19 3:07 :45 
99:10 98: 19 3:16 3:40 
102:57 96 :19 1 :54 2:00 
104:51 103: 54 6 :25 9:10 
111:16 116:04 :41 : 35 
~ 
111: 57 113 :39 :51 1:04 
112:55 4: 55 :55 : 55 
114:36 
- :43 
-
115 :19 116:23 1:2a :27 
116 : 56 
- 1:49 -
118:56 116: 50 :44 :28 
119:40 117:18 1:05 :29 
121:01 117:47 
- -
ENVIRONMENTAL RESEARCH ASSOCIATES 
, 
TASK ENERGY COST 
(BTU) 
Inc:rement Flight Preflight Increment 
Simulation 
+ 1.01 63 39 + 24 
+ 0.15 32 24 + 8 
+ 0.05 58 33 + 25 
+ 2.37 58 12 + 46 
- 0.40 65 38 + 27 
- 0.10 30 20 + 10 
- 2.45 159 66 + 93 
+ 0.10 18 10 + 8 
- 0.22 20 11 + 9 
0 30 7 + 23 
+ 0.72 21 
-
+ 21 
+ 0.95 37 6 + 31 
+ 1.82 31 
- + 31 
+ 0.26 8 6 + 2 
+ 0.60 17 6 + 11 
- - - -
TABLE . XXI 
GT XII Task Complement 
I EVA EVALUATION TASKS 
o RESTRAINT EVALUATION 
o SUIT MOBILITY EVALUATION 
o TORQUE 
o MAINTENANCE 
I E VA SUPPORT TASKS 
o CAMERA PLACEMENT a RETRIEVAL 
o MOVEMENT 
o REST 
I EXPERIMENT SUPPORT TASKS I 
o S-IO 
o AGENA TETHER 
o G LV STRIPS 
125 
TABLE XXII 
EVALUATION OBJECTIVES FOR VARIOUS EVA SUBTASKS 
c 
0 
c 
:;: 
" 0 :l ~ 
"6 
" :l ~ 
0 
>-> Q) LLI := u c 
... .Q 0 
.E 0 Q) c 
0 :E :l Q) ~ cr 
-... 
.= en ... ~ 
Q) :l 0 0 
0:: (I) .... ~ 
Camera Placement Evaluation X 
Rest (2) X 
Foot Restraints X X 
Torque X X X 
Connector X X 
Cutter X X 
Pip - pins 8 Handhold X X 
Saturn Bolt X X X 
Hook a Ring X X 
Apollo Torque Wrench X X X 
Velcro Strips X X 
Optical Surface Evaluation X 
126 
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TABLE :xxm: 
EFFE'CT OF RESTRAINT MODES ON WORK TASKS FOR -FLIGHT AND WATER SIMULAT10"N 
ADAPTER WORK TASKS 
FOOT RESTRAINTS WAIST TETHERS 
FLIGHT SIMULATION FLIGHT SIMULATION 
Min: sec. BTU/hr. Min : sec. BTU/hr. Min sec. BTU/hr. Min :sec. BTU/hr. 
, 
, 
TORQUE 7:29 1177.5 6:23 1096.6 4:51 1339.8 6:47 782 .3 I 
I 
CONNECTOR 1:41 1042.9 1:1 0 810 .3 2:56 1240.0 4 :10 1664.8 I ! 
CUTTER 3:29 1025.9 3 :25 600.0 -
- - - I 
HOOK a RING - - - - 3:23 1201.0 3:20 621.6 i 
VELCRO STRIP :36 1000.0 :30 1200.0 I 
- -
- -
I 
TDA WORK TASKS 
2 WAIST TETHERS I WAIST TETHER o WAIST TETHERS 
I 
FLIGHT SIMULATION FLIGHT SIMULATION FLIGHT SIMULATION I 
Min :.ec BTU/hr Min :sec. BTU/hr Min.:sec. BTU/hr Min :sec. BTU/hr Mln :sec BTU/hr Mln.:sec BTU/hr 
CONNECTOR 2 :12 1153.6 :59 722.5 - - 3:37 371.3 - - 1:15 432.0 
TORQUE 3 :03 115.8.9 1:35 410.1 1:57 1600.0 2 :33 555.3 2:01 1835.8 1:45 356.6 
-. 
TABLE :xm. 
REST PERIOD PERFORMANCE 
FLIGHT SIMULATION 
DURATION WORKRATE DURATION WORKRATE 
REST PERIOD MIN. BTU/hr. MIN. BTU/hr. 
I 0 .87 689.7 0 .42 714.3 
2 1.72 383.7 0.50 240.0 
3 2 .1 2 537.7 1.67 323.4 
4 5 .13 2318 .8 1.85 843.2 
5 0 .95 1515.8 \.88 797.$ 
S 2.15 781.4 2 .00 630.0 
7 U58 683.5 2 .00 990.0 
8 1.07 1065.4 2.00 1350.0 
9 1.52 828.9 3 .17 397.5 
10 3 .12 1115.4 0 .75 960.0 
II 1.90 947.4 2.00 600.0 
12 
- -
1.92 625.0 
TOTAL 22 .13 
-
20.16 
-
AVERAGE 2 .01 987.7 1.88 705.9 
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CD 
Handrail Erection 
Figur. !5-1 GEMINI m COMPARISON . OF ORBITAL FLIGHT, WATER a AIRCRAFT SIMULATION 
SELECTED FILM SEQUENCES (FIVE SECOND INTERVALS) Pagel 0122 
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Movement {ConfdJ 
{no aircraft film available} 
Figure 5-'1 Cont'd. Pagt 12 of 22 
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Apollo Torque Wrench Evaluation 
(no aircraft film available) 
Figure 5-1 Cont'd. Page 22 of 22 
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HANDRAIL ERECTION MOVEMENT FROM HATCH TO DOCKING BAR 
TDA WORK STATION PREPARATION 
RETURN TO HATCH MOVEMENT TO ADAPTER SECTION 
~ .... '.' .. 
Fioure 5 -2 Gemini XII SEQUENCE OF PREFLIGHT WATER SIMULATION (30 SECO'ND INTERVALS) 
....... 
en 
l\j 
MOVEMENT TO ADAPTER SECTION 
FOOT RESTRAINT EVALUATION 
Figure 5-2 Cont'd. 
CAMERA TASK REST 
~ 
01 
~ 
~----------------------_I 
ADAPTER WORK TASKS I I 
Figure 5-2 Cont'd. 
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~ ~ __________________________ ==J~ 
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Cl1 
Cl1 
TO HATCH 
TOA WORK TASKS 
Figure 5-2 Cont'd. 
EXCHANGE OF CAMERAS MOVEMENT TO TOA 
Standup 
FomTr.orlzotion 
GLV Strips 
Cockpit 
Figure !5 - 3 PIP PIN DEVICE 
Age no Tether 
TDA 
Preliminary Restraint Evaluation 
~-~--4~Adapter Work Tasks I--~---t~ 
~ Plume Observation l-I----~.~I ~ __ In_Q_re_s_s __ ---' 
To Cockpit 
S-IO 
T DA Work Tasks 
Figure !5 - 4 MAJOR TASk - EVENTS OF THE GEMINI D UMBILICAL EVA 
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(III) connot.. time lin. not contlnuou. 
HANDRAIL ERECTION 
tit MOVEMENT TO DOCKING BAR (~ AGENA TETHER TASK 
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6.0-CONCLUSIONS 
, 
While water immersion simulation proved to be very useful in support .. 
ing the Gemini E VA program, the Gemini E VA program in turn cauS~q. 
a rapi(j evolution and re-evaluation of the water immersion simulation 
technique at ERA. The inclusion of bioflledical measuZ"ements t(!)ward 
the end of the program particularly heightened the value of water im-
mersion simulatz'on of EVA. 
In general, the water immersion technique offers a simulation medium 
which closely compares with actual space performance. Direct numer.., 
ical correlation must await missions wherein experimental tasks can be 
designed for direct one for one comparison and where more extensive 
biomedical instrumentation is included in the flight. The results of the 
study strongly affirm~ the validity of water immersion as a simulation 
tool for support of future EVA and IVA activities. 
6.1 - CORRELATION WITH, SPACE PERF?RMANCE 
Time Line - The task time line developed during the water immersion 
simulatiqn was used to e$tablish target times aJld was not intended as ~ 
rigid performance specification. The tasks were not performed in 
space in exactly the same sequence as was rehea.rsed in the water. 
As an erca1l1ple, the task of collecting deposits on the spacecraft wind-
shield was performed early in the simulatitDn and very late in space. 
Additional tasks such as the inspection of a vernier rocket were not 
performed at alJ in the simulation. There were, however, various 
task groupings that occurred in sequence and formed the basi~ of the 
detailed comparison. These comparisons confirm a very close rela-
tionship between preflight training and flights. Tpe data f3trongly sup-
ports the use of water immersion to establish time lines for future EVA. 
Velocity - The most serious limitation imposed by the use of water im .. 
mersion as an EVA ~rainer and simulator is that of the drag associated 
with movement. This factor becomes of minor importance for low ve ... 
locities in the range of 0.5 feet per second or less, since as the velo .. 
city approaches a~ro the drag approaches ~ero. The velocity associat~d 
with a typical movement sequence in the travel dQwn the telescQping 
handrail, proved to be approximately .25 feet per second in both water 
immersion ~d orbital flight. The period involving the greatest distan~e 
excursion during E VA was the movement sequence back to the adapter, 
This sequence J'E( not recorded on film for the flight since there was n~ 
camera ooverage ~ Analysis of the water immersJ'on preflight film shows 
this 9 foot distance to be traversed in 27 seconds for an average velo~ 
city of 0.33 feet per second or the same as in the simulation. 
While (uture EVA ~as/:cs may result in gre~te~ velociti~s which become 
a p,"oblem in wajJer immersion simulation, the Gemini XII was performt!:d 
within a velocity range where water drag (jid not prtDve to be ~n im-
portant factor. 
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Kinematics - The film supplement to thz's report includes a portz'on z'n 
which a split frame technique has beel:! used to superimpose three re-
duced size frames on one 16 mm frame. The upper centeIl shows 
the film from orbit - the lower left shows the film from preflight water 
z'mmersion - the lower right shows the film from preflight zero gravity 
aircraft when available. Although the camera angles are different for 
each view, a careful study shows that performance is very sz'milar in 
both time and motion between orbital flight and water immersion. The 
comparison between orbital flight and zero gI;'avity aircraft shows simz'-
larity in motion but a major difference in tz'me. Performance in the zero 
gravity aircraft was always faster but was not a constant ratio. The . 
ratio appears to be task dependent with the time in the zero gravlty 
parabola controlling the speed of the task. 
Work Load - Biomedical data from preflight has been carefully analyzed 
and indicates, that for G T-XJI type tasks, heart rate is a valid indi-
cator of the relative work !c:3.d of the astronaut. Oxygen uptake me-
thods require a time to reach equilibrium whiclf z's not consz'stent with 
the task times experienced. Heart rate, on the other hand, increases 
during pe,.iods when the astronaut is obviously working harder and de-
creases during periods of lesser activity. In addz'tz'on, heart rate and 
respiration rate were the only measures of physiological output made 
and currently planned for future missions and will., of necessity, 
form the basis of comparison for tasks in the near future. 
Heart rate comparisons between the simulation and space when deter-
mined on the basis of the preflight ergometry, t;1hows that the perfor-
mance of the tasks in orbit required a higher metabolic output than wa,s 
required in the simulation, particularly for moderate or higher work 
tasks. L(J)w level work tasks and rest periods are affected by secon~ 
order balance considerations in the simulation sz'nce the astronaut is not 
at zero gravity inside the suit. 
Since early considerations of water immersion simulatz'on concluded that 
work in the simulation would be greater than work in space, the GT-x;II 
data showing greater work load in space was unexpected and calls for 
a review of the simulatz'on versus orbz'tal conditions. A cursory evalu ... 
ation z'ndicates that thermal load and atmospherz'c pressure effects may 
account for the unexpected 10 weI' work load in simulation. There was 
no attempt duripg the simulation runs to control these effects. Table XX{{ 
summarizes the important conclusions develoPed as a result of this 
study. 
6.2 - UTILITY OF THE SIMULATION 
Training - Astronaut Aldrin accumulated more than 20 hours of water 
simulation prz'or to flight including the original G';I'-JaI task line. The 
last session, 6 hours, was held 14 days prior to orbital EVA. Two 
weeks after return from orbit he performed a postflight evaluatz'on of the 
simulation. After each session, an informal de-briefing was held to dill-
cuss performance, procedures, and suit operations. As a result of 
183 
these discussions, task sequences were shifted, procedures were al-
tered, and suit operation was modified in order to optimize the astro-
naut's performance. As a result of this orbital performance preview, 
Astronaut Aldrin gave special attention to continuously relaxing specific 
muscle groups in order to be sure that he was not performing unneces-
sary work. Even after the postflight simulation, the astronaut commente~ 
that he was still learning how to work within a pressure suit. 
G T-XII training included C;ommand Pilot Lovell performing the control 
and monitoring function he performed in space. Subjectively, the crew 
reported that the simulation training was in part responsible for success 
of the GT-XII EVA. The results of the analyses performed during 
this contract support this conclusion. A complete comparison of the 
available data, however, shows that while the simulation was adequate 
for the tasks performed during Gemini XII EVA, future tasks requiring 
greater work loads will require higher fidelity more closely controlled 
simulation. 
Equipment Evaluation - Contracts NAS 1-4095 and NAS 9-6584 were 
primarily for the purpose of evaluating proced7,lres and training person-
nel. It was immediately apparent, however, that the simulation also 
offered a means for evaluating potential flight equipment configurations . 
The problems of handling portable hardware, such as cameras and 
tools, became obvious when viewed through the means of high fidelity 
simulation. This does not mean that each piece of equipment need be 
an exact copy which has been made neutrally buoyant for high fidelity 
simulatkm. Important operating concepts must be faithfully reproduced, 
however, and where gross uncontroJJed motions occur, the hardware 
must be made neutrally buoyant without changing its geometric charac-
terist:cs. 
Restraints - The specific tasks comprIszng the E VA time line were not 
performed in the same sequence in the flight and simulation. Both the 
number and spacing of the rest periods were c;J.ifferent. Consequently, 
the astronaut's subjective analysis of the task comparison particularly 
of the value of restraints must be given first priority. Subjectively, 
the astronaut reported a preference for the molded foot restraints. Thill 
preference is partly due to the combination of these rE:straints with the 
Gemini suit which is relatively inflexible in the foot and leg area thus 
providing a preferred attitude position maintenance characteristic. Waist 
tethers provide control of the maxImum excursion distance between the 
tether points and the astronaut but provide little control over attitude. 
Future plans for the use of the molded foot restraints should take into 
account that the Apollo suit, being reasonably flexible in the foot and leg 
aroea, will not provide the same position maintenance characteristics as 
did the Gemini suit. 
Another factor complicating the evaluation of restraints is the length of 
individual tasks. Since the individual tasks were of short duration and 
were not performed in the same sequence in simulation and space, it 
became advantageous to evaluate the contribution of restraints in the 
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other Gemini EVA's. In the Gemini program, the only long term 
E VA task performed in a repetitive sequential manner was the AMU 
activation task. Information on this task included': 
(1) Astronaut Cernan performing a postfUght evaluation of GT-lX 
using foot stirrups. 
(2) Astronaut Aldrin performing preEUght GT-XII using molded 
foot restraints. 
(3) ERA subject performing GT-JX aIld GT-XII with foot stirrup/i1. 
(4) ERA subject performing activation tasks with no restraints. 
The difference between GT-IX and GT-XII activation was the type and 
location of the foot restraints. GT-JX had stirrups mounted on a bar 
relatively high while the GT-~ version used the molded foot restraints 
mounted below the AMU. Comparative evaluation supported. by subjec-
tive comments strongly suggest that the overall task of AMU activation 
was easier without restraints. 
The unrestrained subject moves during the task and optimally positions 
the suit relative to the required subtask. The GT-JX restraint re-
quires gross suit bending to reach lower portions of the AMU and the 
GT-XII restraint requires much higher level effort due to the preferred 
work location of the torso (a suit problem reported by E. Aldrin dur-
ing debriefing). In summary, restraints must be considered for future 
mission requirements on the basis of their value to the performance of 
particular tasks. 
Table XXVI summarizes the utility of water immersion simulation relative 
to the Gemini EVA program. Starting with the Gemini I'i7 EVA with 
no contribution, water immersion simulation continually had an increas-
ing role in support of the EVA. A major value of the simulation 
proved to be the capability to visually preview space performance, thl~s 
allowing mission planners to synthesize and coalesce the fUght plan into 
a final task line with assurance that the astronaut would not be re-
quired to dr3.stically alter his rehearsal procedures. Further, the re-
suits indicate that candidate hardware configurations can be adequately 
evaluated prior to use in space. Also, the astronaut need not be re-
quired to pre-evaluate each piece of hardware and choose which hard-
ware configuration and procedure he will us. Rather, a repetitive 
analysis can be made utilizing personnel of equivalent performance capa-
bility to narrow down the range of choice. 
Water immersion simulation should form the basis for the development 
of time Une and hard data relative to equipment and equipment layout 
for future missions. The Gemini XII E VA consisted of a well identified 
set of tasks of relatively low work load interspersec;l with many rest 
periods. Also, the task took maximum advantage of restraint techniqueE1 
evaluated prior to the flight. Care must be exercised in applying these 
techniques to new areas of E VA requiring high work loads. Continuoul1 
water immerlSion simulation is required as well as support from other 
modes such as the zero gravity aircraft to supply information unobtain-
able from water immersion simulation. 
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TABLE :x:rsr 
CONCLUSIONS 
t WATER IMMERSION SIMULATION - TRAINING CONTRIBUTED MATERIALLY TO 
THE SUCCESS OF GEMINI:xrr 
~ FOR NEAR FUTURE E VA TASKS THE WATER IMMERSION TECHNIQUE 
SHOULD BE THE PRIMARY SIMULATION MODE 
~ TIME CORRELATION IS ADEQUATE WITH WATER IMMERSION SIMULATION 
'HEART RATE - WORKLOAD CORRELATION IS THE PRI MARY METABOLIC 
MEASURE DUE TO SHORT TASK TIMES AND SLOW EQUILIBRIUM 
RESPONSE TIME OF OXYGEN UPTAKE METHOD 
~ MODERATE TO HIGH WORK TASKS EXHIBIT GREATER HEART RATES IN 
'LOW WORK TASKS E.G. RESTS ARE AFFECTED BY 2nd ORDER BALANCE 
CONSIDERATIONS IN WATER 
, AIRCRAFT SIMULATION IS VALID KINEMATICALLY BUT REQUIRES TIME 
INCREASE 
SPACE 
tEXACT NUMERICAL CORRELATION REQUIRES RESOLUTION OF THERMAL AND 
PRESSURE EFFECTS 
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TABLE ::x:DZr 
SUMMARY OF GEMINI EVA RESULTS AND APPLICABILITY OF WATER IMMERSION SIMULATION 
APPLICATION OF WATER 
FLIGHT OBJECTIVES PERFORMANCE COMMENTS IMMERSION SIMULATION 
GT-4 -Feasibility Demonstrated mons - Low task workload - None 
- E. V. Motion capability to perform 
(HHMU) EVA 
GT-9A - E. V. Motion Terminated early due - Problems of timeline -Postflight evaluation 
(AMU) to eKcessive workload and training validity by astronaut and ERA 
- Inadequate body subjects 
restraint system - Demonstrated preliminary 
u tilit y of water immersion 
training 
GT-IO - E. V. Motion First transfer between - Emphasized need - Partial 
preflight 
(HHMU) spacecraft for simulation simulation by ERA 
- Retrieval of Inadvertant loss of - Body restraints, subj ects only 
experiments equipment handhold s and - Showed possibility of 
Terminated early due to equipment tledowns equipment 1086 
F spacecraft constraints -E.V. Assembly Terminated early due - Emphasized need - Preflight simulation 
and m a intainence to eKcessive workload for pilot training by ERA 
subject s only 
tasks in water immersion - Portia liy restructered 
mode timeline and operation 
- Raised serious -Pilot performed task I 
questions as to different than ERA 
EVA workload subjects 
capabilit y 
GT-12 -Evaluation of : successful performance -Proved uti li ty of - Extensive 
pref light and 
restrClints, of all tasks water immersion postflight training by 
poter. tial Workload remained below trainIng technique astronau t , supported 
hardware, prescribed limits - Established adequate by ERA subjects 
planning and basis for future EVA - Task simulation 
closely 
operational corresponded 
to flight 
proc edures 
performance 
7.0-RECOMMENDATIONS 
The successful use of water immersion simulation in the Gemini pro-
gram supported by the analysts of this study provides the basis for the 
major recommendations of this contract. In some instances, these 
recommendations are a direct result of the data developed during this 
contract. Certain of the recommendations are synthesized from data 
developed during previous ERA contracts with the Langley Research 
Center. The major recommendations are summarized in Table XX'iZII. 
Water immersion simulation should be used as the basic simulation mode 
for the zero gravity extravehicular tasks for both the Apollo and the 
Apollo applications programs. For these programs, the water immer-
sion simulation mode should be used to establish basic time lines for 
continuous task performance. The film record of the task performance 
should then be used to determine the need for additional simulation in 
other modes, particularly the zero gravity aircraft. 
Water immersion simulation should be used to develop one or more hu-
man factors experiments for near future missions, and to provide a 
complete preflight data base for evaluation of the results from the ex-
periments. In this manner, the need and justification for the experi-
ments can be clearly identified. Preflight evaluation can be performed 
under conditions admitting high fidelity measurement techniques which 
can then be adapted to the orbital experiment. In this manner, the data 
return from space can be properly evaluated after the flight, yielding 
the maximum possible efficiency. 
Although water immersion simulation has proved extremely useful, its 
value to the space program will be limited until additional information 
from space flight experiments is available. It is important that the wa-
ter immersion simulation mode be thoroughly understood so that it may 
be used in an optimum fashion. Additional information needed for opti-
mum utilization of the water immersion technique includes: 
(1) Previously uncontrolled simulation parameters of pressure 
and heat load effects must be evaluated and a resultant tech-
nique be developed to more closely simulate spacecraft en-
vironmental factors. 
(2) A consistent metabolic rate measurement system must be 
developed so that future space experiments can be properly 
preassessed in the simulation and be properly correlated 
after flight. This system must be compatible with astronau6 
performance criteria. 
(3) Additional study is needed to determine the exact numerical 
correlation between water immersion simulation and zero 
gravity aircraft simulation and one gravity walkthroughs. 
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(4) The merits of the air-filled versus water-filled pressure 
suits must be compared on a specz'fic task basis to determine 
task applicability. 
(5) A careful study should be made to determine those potential 
astronaut tasks applicable to water immersion simulation. 
These should include both IVA and EVA. categories. 
Astronauts should be trained for zero gravity extravehicular activities 
by means of water immersion simulation. Each astronaut candidate 
for extravehicular activities should be required to have a minimum of 
20 hours pressurized in water simulation performing tasks which have 
been determined to be similar to those tasks he is expected to even-
tually perform in space both from a functional and activity level. A 
measurement system should be devised for scoring performance to 
assist in planning the exact configuration of the space tasks. 
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TABLE :xr;zrr 
RECOMMENDATIONS 
o DETERMINE CONSISTENT TASK FOR SPACE EXPERIMENT 
o PREFLIGHT EVALUATION OF SPACE EXPERIMENT 
o METABOLIC RATE MEASUREMENT SYSTEM DEVELOPMENT 
o RESOLVE PRESSURE - HEAT LOAD EFFECTS 
o CORRELATION OF WATER SIMULATION WITH GROUND - AIC 
o EXTENSION TO INTRAVEHICULAR AND REDUCED GRAVITY TASKS 
o EVALUATION OF II WATER FILLEDII SUIT 
o DETERMINATION OF TASKS APPLICABLE TO WATER SIMULATION 
o APOLLO EVA TASK SIMULATION 
o AAP TASK SIMULATION 
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